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ABSTRACT 
This research examines the age-related effect of 
reproduction on bone mineral density fn saddle-back tamarins 
(Sagufnus fuscicollfs). Analyses of variance and 
bootstrapping stat i st i cal techn f ques were performed on a 
sample of 69 tamarfns (31 males and 38 females) fn order to 
determine the relationship between bone mineral density, age, 
gender, and reproductive status. The total sample o'f tamar ins 
exhibits a signi'ficant decrease in bone mineral density wfth 
age, paralleling the condition observable in humans and Old 
Wor 1 d monkeys. O'f part i cu 1 ar interest are the resu 1 ts 
observable in the female sample re 1 at i ve to reproductive 
status. A significant increase fn bone mineral density with 
age is exhibited by the non-reproducing fema 1 es, while a 
significant decrease with age is observable in the reproducing 
females. It shou 1 d be noted, however, that there was no 
sample representation for non-reproducing 'females within the 
older age range (>150 months). Thus, it is questionable as to 
whether the decrease observed in the reproducing 'females is 
the direct result of reproduction and lactation, or primarily 
an artifact o'f age. 
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Maternal calcium homeostasis must be maintained during 
pregnancy wh f 1 e feta 1 ca 1 c i um demands are be 1 ng met. The 
effects of factors involved in this homeostasis during 
pregnancy and lactation upon bone loss has been studied fn 
humans and other animals (Brommage and Deluca, 1985; Miller et 
a 1 • , 1 986; Greer et a 1 • , 1 982; Chan et a 1 • , 1 982; Go 1 dsm f th 
and Johnson, 1975; Spray, 1950; Wong et a 1 • , 1980). It has 
been suggested that a hfgh skeletal cost is associated wfth 
the mineral requirements for lactation, wh;ch are met through 
bone resorpt f on ( E 1 1 1  nger et a 1 • , 1952) • The m f nera 1 1 oss 
associated with lactation may be so great that the mother must 
mobilize mineral stores from the skeletal system (Komarkova et 
a 1 • , 196 7) • 
Age fs an important factor in the loss of bone mineral 
during 1 actat ion ( Chan et a 1 • , 1982; Johne 1 1 and Ni 1 sson, 
1984). However, many times it is difficult to compare groups 
of differing ages because of the observable variation in diet 
and life-style, which change throughout the life span. Thus, 
the direct effects of lactation upon age-related bone loss are 
difficult to assess (Johnell and Nilsson, 1984). 
Much of the existing research concerned with the effects 
of reproductive variables on bone loss, has focused on non­
humans, frequently rats (Miller et al., 1986; Brommage and 
Deluca, 1 985; Wong et a 1 • , 1980; E 1 1 i nger et a 1 • , 1 952; 
1 
Komarkova et al., 1 967). Miller et al. ( 1 986) have observed 
increased bone formation rates during pregnancy, resulting in 
increased skeletal mass, and subsequent decreased skeletal 
mass during lactation, in rats. However, there are 
1 f mi tat f ons assoc fated w f th the use of a rat mode 1 • When 
compared to humans, rats have extremely short life spans, and 
maintain a very hfgh reproductive rate. 
Research has focused on age-re 1 ated bone 1 oss in o 1 d 
world anthropoids, such as baboons, macaques, and chimpanzees 
(Jerome et al., 1 986; Bowden et al., 1 979; Lei and Young, 
1 979, Jurmain, 1 989; Pope et al., 1 989). Considering that Old 
World monkeys have relatively long life spans, it is difficult 
to conduct 1 ong i tud i na 1 studies whereby 1 if e hi story var i ab 1 es 
are we 1 1 documented. I n  add it f on, none of the ex i sting 
research has been concerned specifically with the effects of 
reproduction and lactation on bone loss in these non-human 
primates. New World monkeys, such as marmosets and tamarins, 
on the other hand, provide a possible model which is 
intermediate to rats and Old World monkeys in the reproductive 
rate, as well as the length of the life span, which 
facilitates the documentation of life history variables. 
Reproduction in tamarins 1 s  characterized by short 
ovarian eye 1 es, typical tw f nn i ng, short inter-birth i nterva 1 s, 
rapid maturation of offspring, and a post-partum estrus 
(Eisenberg, 1 978; Hershkov i tz, 1 977) . These combined 
characteristics a 1 1 ow for a potent i a 1 1 y high reproductive 
rate. I t  is questionable whether high physiological costs are 
2 
associated with the type of reproductive strategy evident fn 
these Cal l f tr i ch f dae. Al though there have been studies 
concerned with reproductive physiology and behavior, to date 
there has been no research conducted relative to the age­
re 1 ated effects of reproductive variables on bone loss in New 
World monkeys such as marmosets and tamarins. Marmosets and 
tamar 1 ns are successfu 1 breeders 1 n a co 1 ony environment 
(Gengozian et al. , 1 978) , therefore providing an excellent 
opportunity to study the physiological effects of reproductfve 
costs associated with high rates of reproduction and 
lactation. Furthermore, they may provide a non-human primate 
model for the study of age-related bone loss due to 
reproductive variables, such as lactation, observable in human 
females. 
Statement oF Purpose 
The purpose of this thesis fs to determine ff 
reproduction has an age-related effect on bone mineral density 
1n saddle-back tamarfns (Sa9ufnus fuscfcollis) .  I n  order to 
test the stated purpose, two primary problems must be 
addressed: Cl) the type of relationships which exist between 
bone mineral density, age, and sex must be assessed, and (2) 
it must be determined if reproduct Ive status (reproducing 
versus non-reproducing) , has an age-related effect on bone 
mineral density. 
The Oak Ridge Associated Universities Marmoset Research 
Center maintains a large marmoset and tamarin breeding colony 
3 
in which gen ea 1 og i es and 1 ff e hi story var i ab 1 es are we l 1 
documented. In add ft ion, the ske 1 eta 1 mater fa 1 rrom this 
colony fs housed and maintained by the University or 
Tennessee, Knoxville, Department of Anthropology, and made 
ava i 1 ab 1 e to facu 1 ty and graduate students ror research 
projects. Thus, rrom th f s mater i a 1 a samp 1 e or Sagu f nus 





In order to clearly assess the age-related effects of 
reproductive variables on bone mineral density in saddle-back 
tamarfns, aspects of bone loss fn general, the cost-benefit 
relationship of particular types of reproductive strategies, 
as we 1 1 as genera 1 tamar in bf o 1 ogy shou 1 d be reviewed. 
Therefore, this chapter provides sections concerning these 
areas of the literature reviewed ror thfs thesis. 
Bone Loss 
Age-related bone loss: 
Radio 1 ucency observab 1 e in the ske 1 eton may be the resu 1 t 
of decreased bone vo 1 ume, observab 1 e in osteoporos i s and 
myeloma, or decreased bone mineral content, observable in 
osteoma 1 ac i a { Lane and Vigor i ta, l 984; Gordan and Genant, 
1985; Saphfer et al. , 1987). It is widely accepted that the 
human skeleton loses bone with age, resulting in porous bone, 
or osteoporos f s (Mi 1 haud et a 1 • , 1 978; Lane and Vigor f ta, 
1984; Gordan and Genant, 1985; Riggs and Melton, 1986; Stini, 
1990). The remaining porous bone fs primarily calcirfed, 
resulting in decreased bone tissue, referred to as osteopen1a 
(Frost, 1985; Gordan and Genant, 1985; Saphier et al., 1987). 
Research involving osteoporosis becomes complicated in that it 
comprises various diseases resulting rrom a number or causes 
(Frost, 1985). Two types of osteoporosis have been defined by 
5 
Riggs and Melton (1 986). Type I osteoporosis is rerered to as 
post-menopausal osteoporosis. This type or osteoporosis is 
associated with a post-menopausal increased rate or bone loss, 
especially that or trabecular bone, and a decrease in calcium 
absorption associated with a decrease in parathyroid hormone 
secretion, increased calcitonfn secretion, decreased 
production or l, 25 (0H)20, and estrogen dericiency (Riggs and 
Me 1 ton, 1 986) . Type I I  osteoporosis, rerered to as senfle 
osteoporosis, occurs in men and women generally or 70 years or 
age and older. This type or osteoporosis is represented by a 
proportionate rate or cort i ca 1 and trabecu 1 ar bone 1 oss, 
associated with a decrease in osteoblastic function and 
decreased production of l, 25 (0H)20, and subsequent decreased 
calcium absorption and secondary hyperparathyroidism (Riggs 
and Melton, 1986). 
Research concerning Type I I  osteoporosis of ageing has 
become clinically important f n  recent years, relative to the 
increase in longevity observable in humans, and the associated 
increased risk of skeletal fractures (Bowden et al. , 1979; 
Riggs and Me 1 ton, 1986; St in i , 1990) • Throughout the 1 f re 
span, bone is continuously remodeled. Bone resorbfng cells, 
or osteoclasts, resorb hydroxyapatite crystals and bone 
matrix, constructing a tunnel in cortical bone or a lacuna on 
the surf ace or trabecu 1 ar bone (Martin, 1 983; R f  ggs and 
Melton, 1986). These osteoclasts are then replaced by bone 
forming ce 1 1  s, or osteob 1 asts, which f i 1 1 in the resorbed 
cavity and synthesize co 1 1 egen (Martin, 1 983; Riggs and 
6 
Melton, 1986) . Calcium phosphate crystallizes to form new 
hydroxyapat i te which i s empregnated within the new bone 
(Martin, 1983; Riggs and Melton, 1986) . These processes are 
balanced in young individuals, in order to maintain a balance 
in bone mass (Riggs and Me 1 ton, 1986) • However, in older 
adu 1 ts, these osteoc 1 ast i c and osteob 1 ast i c mechanisms are not 
balanced, resulting in a reduced apposition rate of 
hydroxyapat i te re 1 at i ve to endostea 1 resorption with age, and 
thus subsequent excessive bone resorption re 1 at i ve to bone 
formation results (Garn, 1970; Gordan and Genant, 1985; Riggs 
and Melton, 1986; Carasco et al., 1989). The accumulation of 
microdamage, resulting from mechanical incompetence, as well 
as ma 1 functions in remode 1 i ng mechanisms, further weakens 
osteoporotic bone (Frost, 1985) . Research indicates that a 
number of factors contribute to loss in bone quantity and 
quality, observable in osteoporosis: chemical composition, 
physical density, macro- and microscopic structure, and 
remodeling of bone, as well as some drugs (Frost, 1985; Riggs 
and Me 1 ton, 1986) • There are a number of var i ab 1 es associated 
with the loss fn bone with age: decreased activity, poor 
nutrition, female menopause, and/or oophorectomy (Bowden et 
a 1 . , 1 979; Gordan and Genant, 1 985; Lindsay, 1 987; St f n i , 
1990) . 
There are many dietary and hormonal factors which have 
effects on calcium homeostasis. Those which are considered 
most f mportant are: estrogen, progesterone, V itamin D, 
calcitonin, parathyroid, prostaglandins, glucocortfcoids, and 
7 
prolactin. These factors have an age, sex, and gonad 
function-related effect on the balance between bone formation 
and bone resorption, re 1 at i ve to osteob 1 ast i c and osteoc 1 ast i c 
cellular function (Martin, 1 983 ) .  However, this section will 
cover only those factors that have the greatest effects upon 
ca 1 c i um homeostas f s, bone formation, and bone resorption. 
Estrogen and progesterone wil 1 be primarily discussed within 
the postmenopausal bone loss section. 
Vitamin D deficiency, and calcium and phosphorus 
metabolism defects are factors which affect mineral content 
homeostasfs, observable in osteomalacia (Parfitt et al. , 1 982; 
Lane and Vfgorfta, 1984; Finkelman and Butler, 1985; Stint, 
1990 ) • FuJ f sawa et a 1 • C 1984 ) have shown that . ca 1 c i um and 
phosphorus serum levels decline with age. The importance of 
maintaining calcium homeostasis within the body, for various 
important physiological functions, places a tremendous demand 
on the skeleton, which is the primary resevoir for calcium 
(Martin, 1983; Stinf, 1990 ) .  The adult human body maintains 
a calcium content ranging from 1, 200 to 1, 500 grams, 98t of 
wh 1 ch 1 s found w 1th in the ske 1 eta 1 resevo 1 r ( St 1 n 1 , 1 990 ) • 
Dietary intake of calcfum is an important factor relative to 
the efficacy of calcium absorption in order to maintain the 
ca 1 cf um content needed by the body ( St in i , 1 990 )  • I n  the 
norma 1 adu 1 t ma 1 e, 7 oi of the dietary ca 1 c i um intake is 
absorbed in the intestine, 90t of this being secreted into the 
intestinal lumen. Consequently, 90i of the calcium is lost 
through fecal excretion (Stini, 1990 ) .  That portion which is 
8 
absorbed, becomes part or the intracellular pool or calcium 
(Stfnf, 1990 ) .  Portfons or this calcium will re-enter the 
b 1 ood, and be 1 ost f n the ur f ne, vi a passage through the 
kidney, as well as through sweat (Stfnf, 1990 ) .  The calcium 
fn bone undergoes continual turnover, as well, which errects 
the ba 1 ance ma f nta i ned by the ske 1 eta 1 ca 1 c 1 um resevo i r 
(Stinf, 1990 ) .  This resevoir is greatly arrected through bone 
mineral loss when dietary intake and/or absorption levels or 
calcium are greatly reduced, and subsequently, urinary loss of 
calcium continues (Stini, 1990 ) .  However, calcium homeostasis 
may be effected even fr dietary intake and absorption 
requirements are met. 
Vitamin D plays an important role in calcium and 
phosphorus homeostasis, fn that it stimulates the intestinal 
absorpt f on of ca 1 c i um and phosphate, part i cu 1 ar 1 y when ca 1 c i um 
intake i s 1 ow (Martin, 1 983; Ff nke 1 man and But 1 er, 1 985; 
St inf, 1990 ) .  However, Vitamin D ( l , 25 (0H ) 203, 25 (0H ) D3, and 
24, 25 (0H ) 203 ) also stimulates bone resorption, possibly 
through the inducement of osteoclastfc dffrerentfation 
( Mart f n, 1 983 )  • As we 1 1 as independent action on bone 
resorption, Vitamin D also works inter-dependently with 
parathyroid hormone fn the stimulation of the mobilization of 
calcium from bone, and bone resorption (Martin, 1983; 
Ff nke 1 man and But 1 er, 1985 ) • Dietary 1 ntake, as we 1 1 as 
cutaneous synthesis, contribute to the total body storage or 
Vitamin D (Parfitt et al., 1982 ) .  Parrftt et al. (1982 ) 
suggest that either source may contribute to the clinically 
9 
significant depl etion of Vitamin D, or to the maintenance of 
the total dail y requirement of it. The source of Vitamin D 
contrfbutfon to the total body store varfes widel y between 
popul ations, as does the the presence or absence of Vitamin D 
maintenance or deficiency (Parfitt et al . ,  1 982). 
Osteomal acfa in adul ts fs characterized by Vitamin D 
deficiency, in which new bone fail s to mfneralfze during bone 
remode 1 f ng and turnover, as the resu 1 t of decreased serum 
phosphorus and cal cfum (Parfftt et al. , 1 982; Finkel man and 
Butl er, 1985). 1 , 25 (0H)2D3 appears wfthin the nucl eus of 
osteob l asts and 1 ntest 1 na l ep 1 the 1 1  al ce l l s  (Martin, 1 983; 
Finke 1 man and But 1 er, 1985) • Ff nke 1 man and But 1 er ( 1 985) 
suggest that the mechanism of the Vitamin D hormone, 
1 , 25 (0H)2D3, is simil ar to that of steroid hormones, in that 
ft infl uences gene expression. If el derl y individual s are not 
receivfng adequate sun exposure for the required physiol ogical 
synthesis of Vitamfn D, ft is necessary to obtain Vitamin D 
through dietary sources. However, the marg f n of safety 
(prevention of hypercal cemia), rel ative to Vftamfn D intake, 
is much more narrow fn the el derl y than in younger individuals 
(Parfitt et al . ,  1 982). Hypercal cemia, promoting both bone 
resorption and increased intestinal cal cium abosorbtion, 
resul ts in excessive amounts of Vitamin D (Martin, 1 983). It 
fs recorrmended that the el derl y shoul d maintain a total suppl y 
(from al l sources) of 1 5  to 20 ug/day (600 to 800 IU) of 
Vitamin D (Parfitt et al . ,  1 982). Research has shown that 
cal cium balance, specifical ly in postmenopausal osteoporotic 
10 
females, i s  i mproved w i th 1, 25 (0H) 2D3 treatment (R i ggs et al. , 
1979) . A comb i ned V i tam i n  D (0. 5 ug/day 1, 2S (OH) 203) and 
estrogen (15-25 ug/day) , or noreth i sterone (2. 5-5. 0 mg/day) , 
therapy has been suggested for the treatment of postmenopausal 
osteoporot i c  females (Cr i lly et al. , 1981) . 
Calc i um regulat i on, and product i on of 1, 25 (0H) 2D3 i s  
pr i mar i ly controlled by the parathyro i d  gland. Parathyro i d  
hormone (PTH) ra i ses plasma calc i um, and through a feedback 
mechansfm, i s  decreased by i ncreased levels of plasma calc i um 
C McLean and Ur i st, 1955; W i ske et al . , 1979; Mart i n, 1 983; 
F i nkel man and Butler, 1985) . At h i gh doses, PTH i ncreases 
bone resorpt i on by st i mulat i ng the removal of calc i um from 
bone, i nh i b i t i ng osteoblast i c  collagen synthes i s  and alkal i ne 
phosphatase act i v i ty, as we l l as st i mu lat i ng osteoc last i c 
act i v i ty (Mart i n, 1983; F i nkelman and Butler, 1985; McGrath, 
1986) . Mart i n  ( 1983) has i nd i cated that PTH causes bone 
resorpt i on, i n  that i t  lowers the pH of resorpt i on areas, and 
i t  produces hydrolyt i c  enzymes. However, at low doses, PTH 
st i mulates i ncreased bone format i on, through st i mulat i on of 
osteoblast i c  number and act i v i ty. The age-related effects of 
PTH on osteoporos i s  are somewhat unclear, i n  that there i s  
some d i sagreement as to whether levels of PTH are i ncreased 
w i th age (Wfske et al. , 1979; Saphfer et al., 1987) . Wfske et 
al. (1979) , and Fuj i sawa et al. (1984) have i nd i cated that PTH 
levels do i ncrease w i th age. However, Saph i er et al. (1987) 
state that i ncreased PTH levels reported by other researchers 
are not assoc i ated w i th an i ncreased level of PTH b i oact i v i ty. 
1 1 
Ca 1 c i ton f n inhibits the mob i 1 i zat ion of ca 1 c i um from bone 
(Robinson et al., 1 967; Martin, 1 983). This hormone directly 
inhibits osteoclastic bone resorption (Friedman and Raisz, 
1 965; Martin, 1 983; Finke 1 man and But 1 er, 1985). Thus, 
deficiencies in this hormone may contribute to bone loss as 
we 1 1 (Mi 1 haud et a 1 • , 1 978; Martin, 1 983; Finke 1 man and 
But 1 er, 1985; Tiegs et a 1 . , 1 985; Riggs and Me 1 ton, 1 986} • I n  
addition to estrogen therapy, long-term calcitonin therapy has 
also been suggested for the inhfbftfon of bone resorption in 
the treatment of postmenopausal osteoporosis (Gruber et al. , 
1 984). 
Postmenopausal bone loss: 
A significant difference has been observed in the rate of 
osteoporosis of ageing, and the risk of associated skeletal 
fractures, relative to gender in humans (Trotter and Hixon, 
1973; Bowden et al. , 1 979; Gordan, 1 984; Gordan and Genant, 
1 985; Riggs and Melton, 1 986; Stini, 1 990). The increased 
risk for hip fracture is greater in women than men after 45 to 
65 years of age (Lane and Vigorita, 1 984; Gordan and Genant, 
1 985; Riggs and Melton, 1 986; Stini, 1 990). Gordan and Genant 
( 1 985) indicate that the rate of bone 1 oss in men f s much 
slower than that observab 1 e in women, as men on 1 y 1 ose 
cortical bone as they lose body tissue. The effects of bone 
loss on the skeleton fn women are thus more devastating, as 
women begin life with less bone, and their rate of bone loss 
is much more rapid ( Gordan and Genant, 1 985) • A direct 
relationship between menopause and bone loss (Type I 
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osteoporosis) in females has been observed in numerous studies 
CA 1 bright et a 1 • , 1 94 1  ; Wor 1 ey, 1 98 1  ; Aitken, 1 984; Lane and 
Vigorfta, 1 984; Gordan and Genant, 1 985; Johnston et al. , 
1985; Riggs and Melton, 1 986; Robinson and Goy, 1 986; Thomsen 
et al., 1 986; Christiansen et al. , 1 987; Huf, 1 987; Lfndsay, 
1 987) • Sign ff i cant changes f n ske 1 eta 1 homeostas f s are 
observed as the, resu 1 t or the 1 oss in ovarian function 
(Johnston et al. , 1 985; Thomsen et al. , 1 986; Lindsay, 1 987). 
Thus, it has been concluded that bone loss fn women is not 
simply an age-related artiract. Thomsen et al. (1 986) have 
noted a 1 2,. per decade dee 1 f ne f n bone mi nera 1 content in 
postmenopausal women, while there was no signiricant change in 
bone mineral content in premenopausal women. I n  premenopausal 
'females, trabecular bone loss is greater than cortical loss 
(Riggs and Melton, 1 986). In postmenopausal women, the rate 
of trabecu 1 ar bone 1 oss is great 1 y acce 1 erated, yet f s of 
shorter duration than cortical loss (Riggs and Melton, 1 986; 
Huf et al. , 1 987). The onset of menopause coincides with the 
greatest decline in the percentage of cortical area of bone in 
women (Bowden et al. , 1 979) . Thus, during the early 
postmenopausal period, women are at thefr greatest risk of 
bone loss (Bowden et al. , 1 979; Riggs and Melton, 1 986; 
Chr f st fan sen et a 1 • , 1 987) • Th f s 1 oss tends to s 1 ow down 
concurrent wfth the decrease fn adrenally-produced hormones 
which stimulate the degeneration of bone (Notelovftz and Ware, 
1 982). 
The onset of menopause fn human females fs associated 
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with decreased levels of estrogen which is consequent on the 
decreased i ntest i na 1 absorption of ca 1 c i um. Thus, 
postmenopause results in increased serum and urinary calcium, 
phosphorus, and magnesium, and serum alkaline phosphatase, as 
well as increased urinary excretion of hydroxyproline 
(Lindsay, 1987). Loss of calcium from the body, as a result, 
is as much as 100 to 150 miligrams per day (Lindsay, 1987). 
Thus, changes in ske 1 eta 1 metabo 1 ism are a consequence of 
these biochemical changes (Lindsay, 1987). As a result, it 
has been observed that bone loss increases relative to natural 
loss in ovarian function, as wel 1 as oophorectomy (Albright et 
a 1 • , 1 941 ; Lindsay et a 1 • , 1 984; Riggs and Me 1 ton, 1 986; 
Lindsay, 1987). 
I n  birds, osteob 1 ast i c activity increases during the 
preparation for egg laying. The administration of exogenous 
estrogen resu 1 ts in the reproduction of this osteob 1 ast i c 
activity (McLean and Urist, 1968). New bone formation is also 
stimulated by estrogen in the female mouse (Heaney, 1969). 
Bone resorption has been shown to be inhibited by large doses 
of' estrogen given to immature rats C Budy et a 1 . , 1952 > • 
However, Heaney ( 1969) has stated that these resu 1 ts were 
highly dose-dependent, and are associated with growth 
retardation. Liskova (1976) observed no direct physiological 
effect of estrogen on bone resorption in an in vitro study of 
the effects of estradiol and human calcitonfn on fetal rat 
fibulae. Snow and Anderson (1986) have observed increased 
trabecular thickness in dogs treated with 17B-estradiol and 
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progestagen, when compared 
untreated, and those with 
to those oophorectomized 
ovaries intact. However, 
and 
the 
appropriateness of a canine model which undergoes an estrus, 
and has no menstruation or menopause, is still questionable. 
Snow and Anderson ( 1986) indicate that their research 
exhibited no difference in mean trabecular thickness between 
those oophorectomized dogs, and those with intact ovaries. 
I t  has been suggested that the absence of estrogen, and 
possfbly progesterone as wel 1 ,  associated with menopause, has 
a direct effect on skeletal status, specifically bone loss in 
humans ( Deftos, 1 986; R i i s et a 1 • , 1 986; Thomsen et al • , 
1986) . Although the direct mechanism of estrogen action is 
not fully understood, the effects of estrogen are primarily 
carried out through mediation by the body's systemic hormonal 
control of skeletal homeostasfs. Recent studies have shown 
that a 1 pha-f etoprote in is responsible for the bf nd i ng of 
estrogen fn bone (Lindsay, 1987) . Estrogen facilitates the 
intestinal absorption of calcium, and may decrease parathyroid 
hormone, blocking its bone dissolving actions. Estrogen also 
stimulates the activation of Vitamin D levels {specifically 
1, 25 (0H) 203) , as well as the secretion of calcitonin 
( Note 1 ov f tz and Ware, 1982; Buchanan et al • , 1986) . Thus, 
estrogen improves the efficacy of dietary calcium utf l fzatfon, 
and basically reverses the loss in calcium homeostasis 
occurring at the time of menopause (Lindsay, 1 987) . Estrogen 
receptors have been found on osteob 1 asts, 1 nd i cat i ng that 
estrogen may have a direct effect on the st i mu 1 at ion of 
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osteoblastfc activity and subsequent bone rormation. As a 
result, accelerated bone loss at the onset or menopause and/or 
oophorectomy is completely inhibited by surricient amounts or 
estrogen (Heaney, 1969; Burnett and Reddf, 1983; Ettinger, 
1987; Lindsay, 1987; Riss and Christiansen, 1987). In humans, 
ft has been determined that 0. 625 m11 f grams or conjugated 
equine estrogen is the mfnfmal errectfve dosage for bone loss 
prevention (Ettinger et al. , 1987; Lindsay, 1987). Hormone 
rep 1 acement therapy, spec i ri ca 1 l y ut f 1 f zing estrogens and 
progestagens, has become the most widely accepted treatment in 
the prevent f on or postmenopausa 1 bone loss C Heaney, 1969; 
A f tken, 1984; Gordan, 1984; Chr f st f ansen et al . , 1987; Riss 
and Christiansen, 1987). Since the highest risk for bone loss 
fn women is during the early stages or menopause, this is the 
optimal time at which hormone replacement therapy should begin 
(Chrfstfansen et al. , 1987). However, there exists a degree 
or concern relative to dose-related risks, primarily 
endometrfal cancer, associated with estrogen therapy (Ettinger 
et al. , 1987; Riss and Christiansen, 1987). Some research has 
been accomp l f shed concern f ng the errects or ca 1 ct um 
supplementation with low doses or estrogen, in order to reduce 
the risk or endometrfal cancer. Ettinger et al. (1987) have 
shown that postmenopausal bone loss may be prevented by low­
dose estrogen therapy comb f ned w f th cal cf um supp 1 ements. 
However, Rfss et al. (1987) conclude rrom thefr research on 
early postmenopausal bone loss preventfon, that calcium 
suppl ement s have no add ft f ve err ect s when comb 1 ned w f th 
16 
estrogen therapy. 
Progesterone fs responsible ror changes fn the uterine 
endometrfum during the second halr or the menstrual cycle. 
Genera 1 l y, progesterone st i mu 1 ates the 1 in; ng or the uterus to 
accept a pregnancy. Ir this does not occur, the production or 
progesterone drops abruptly, the lining or the uterus is shed, 
and menstrual bleeding occurs (O'Mal ley, 1 969; Fardon, 1 985). 
When utilizing the 0. 625 milfgrams per day estrogen therapy 
w f thout the protective errect or progesterone, the utera 1 
lfning is continuously stimulated, greatly increasing the risk 
or endometr fa l cancer ( Fardon, 1 985). In add ft f on to this 
protective errect or progesterone, there fs some agreement 
that ft may complfment the bone loss prevention errects or 
estrogen as we 1 1 (Krane, 1 969; Note 1 ov f tz and Ware, 1 982; 
Burnett and Reddf, 1 983; Aitken, 1 984; Abdalla et al. , 1 985; 
Farden, 1 985; Gordan and Genant, 1 985). Typically, a 
progestagen (synthetic rorm or progesterone) is prescribed in 
combfnatfon wfth estrogens, most convnonly fn Females wfth 
f ntact uter f . However, progestagens may exert the fr own 
independent errects in bone loss prevention, but it is 
questionable whether they have anabolic errects on skeletal 
homeostasis, or fr thefr errects are dependent on therapy fn 
combination with estrogen (Burnett and Reddf, 1 983; Abdalla et 
al. , 1 985; Lindsay, 1 987; R I  fs and Chrfstfansen, 1 987). 
Burnett and Reddf (1 983) have observed increased bone 
mlnerallzatfon with the utilization or progesterone alone, as 
well as fn combination with estradfol. Abdalla et al. (1 985) 
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have demonstrated bone loss prevention in postmenopausal 
fema 1 es ut i 1 i z f ng noreth i sterone ( progestagen) • They a 1 so 
have observed increased periosteal diameter and decreased loss 
in cortical width in patients treated wfth another 
progestagen, lynestrenol. Riis and Christiansen (1 987) have 
supported the effects of norethisterone on the stimulation of 
bone formation, when given in combination with estrogen. The 
mechanism of the effects of progestagens is unclear. However, 
considering that overactivity of the adrenal gland is commonly 
associated with osteoporosis, and that glucocorticoid-binding 
receptors may aggravate osteoporosis, progestagen molecules 
which may occupy these receptors possibly prevent the adrenal 
hormones from attaching to them (Notelovftz and Ware, 1 982; 
Fardon, 1 985). Lindsay (1 987) suggests that progestagens at 
'supraphysfologfc' doses can compete with glucocorticoids for 
contra 1 of these bone receptors. Thus, considering that 
progestagens probab 1 y have a protective effect on bone in 
prevent f ng the di sso 1 vi ng action caused by these adrena 1 
hormones, its use can be no less than complementary when used 
1 n  combination w fth estrogen therapy (Notelovitz and Ware, 
1 982). 
Reproduction and lactation: 
During pregnancy, maternal calcium homeostasis must be 
maintained while fetal calcium demands are met as wel 1 
( Wh f tehead et a 1 • , 1 981 ) • I f  a materna 1 d f etary ca 1 c i um 
deficiency exists, calcium will ultimately be transported to 
the fetus from the maternal blood, often resulting in maternal 
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cal c i um dep l et ion (Hendrickx and Houston, 1 97 1 ) • I t  1 s 
important during this time that the calcium regulating 
hormones change accordingly to accomodate the Fetal and 
maternal homeostasis. Such calcium regulating hormones in 
particular are calcitonin, parathyroid hormone, 25-
hydroxyvitamin D (25-0HD), and 1 , 25-dihydroxyvitamin D (l, 25-
(0H)2D) (Whitehead et al., 1 981 ). During the optimal 
pregnancy, increased levels of l, 25- (0H)2D stimulate increased 
intestinal· absorption of calcium fn order to meet the 
increased phys 1 o logical requ 1 rements of this element 
(Whitehead et a 1 • , 1 981 ) • At the same ti me, the bone-
resorptive actions oF increased l, 25- (0H)2D are counteracted 
by increased levels oF calcitonfn. Thus, maternal calcium 
homeostasis is maintained (Whitehead et al. , 1981 ). Drake et 
al. (1 979) observed a signiFicant decrease in serum calcium 
between 21 and 25 weeks oF gestation, which continued 
throughout the remainder of pregnancy. Al so after ·2 1 weeks of 
gestation, a signiFicant increase in parathyroid hormone was 
observed. No change in calcitonin was observable throughout 
pregnancy, although calcitonin levels were higher than in the 
control group of non-pregnant Females. Drake et al. (1 979) 
attribute the observed increased levels in PTH partly to the 
observed decreased levels in serum calcium. Similar results 
were observed by Cushard et al. (1972), except increased PTH 
levels were not observable until the 36th to 40th weeks oF 
gestation. Cushard et al. (1 972) conclude that the apparent 
hyperparathyroidism observable during the last trimester oF 
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pregnancy i s correl ated with f'eta l skel etal demands upon 
maternal cal cium stores. 
There are many other important 'factors invol ved fn the 
proper maintenance of' cal cf um homeostasis during pregnancy and 
l actation, such as variation fn dietary intake of' cal cium, 
Vitamin D, and phosphorous, occurrence of' oophorectomy, 
adrenal ectomy, as wel l as bone mineral l oss due to subsequent 
l actatfon (Brommage and Deluca, 1 985 ) .  Bronvnage and Deluca 
(1 985 ) have shown through their study with rats, however, that 
onl y decreased l evel s of' dietary cal cium resulted in increased 
l oss in bone mineral content. A sfgnif'fcant rel ationship 
between Vitamin D, phosphorous, occurrence or oophorectomy, or 
adrenal ectomy, and l oss f n bone mf nera l content was not 
exhibited fn these rats. Accumul atfon of maternal skel etal 
cal cfum, as wel l as Increased bone mass has been observed in 
humans and other mammal s (Goss and Schmidt, 1 930; Benzie et 
al • , 1 955; Heaney and Ski l l man, 1 97 1  ; Bronmage and Deluca, 
1 985; M f l l er et al • , 1 986 ) . 
Numerous studies have shown that l actation in general 
causes l oss of bone mineral content, and total bone mass in 
humans, as we l 1 as other manvna l s  ( E 1 l f nger et a 1 . , 1 952; 
Nilsson, 1 969; Goldsmith and Johnson, 1975; Spray, 1 950; Wong 
et al . ,  1 980; Chan et al . ,  1 982; Johnel l and Nil sson, 1 984; 
Bronmage and Deluca, 1 985; Mil l er et al . ,  1 986 ) .  The l oss in 
these mi nera 1 s through l actation may be so great 1 n some 
cases, that the mother must mobil ize mineral stores of these 
el ements (Komarkova et al . ,  1 967 ) .  Particul arl y during 
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lactation, the requirements for calcium and phosphorous 
dramat i ca 1 1  y increase (El 1 ; nger et a 1 • , 1952; Greer, 1982; 
Brommage and Deluca, 1 985 ; Mi 1 1 er et a 1 . , 1 986 ) • A 1 though 
these added requirements may simply be met through increased 
intake of these minerals, ; t  has been shown that bone m ; neral 
loss occurs regardless of increased intake (Ell i nger et al., 
1 9 5 2 ; B rommage and Deluca , 1 98 5 ; M i 1 1 er et a 1 • , 1 986 ) • 
Ellinger et al. ( 1952 ) reported bone resorption in the femur 
and tibia f ndependent of the 1 eve 1 of dietary intake of 
calcium. I n  add ; t f on, Brommage and Deluca (1985) observed 
that dietary intake of phosphorus had no effect on bone 
mineral loss during lactation in rats. Their study a 1 so 
showed bone mineral loss, independent of d i etary calcium, in 
vitamin D-defic i ent rats. These rats experienced slightly 
greater bone mineral J oss than those vitamin 0-replete rats on 
a normal calcium diet. Lastly, Brommage and Deluca (1985) 
observed that the amount of bone 1 oss in rats that are 
pregnant and lactat i ng simultaneously was the same as that 
observab 1 e i n  rats 1 actat i ng a 1 one ( Brommage and Deluca, 
1985) .  M i l l er et a l .  (1986) observed increased bone turnover 
rates, associated with decreased skeletal mass, in rats during 
lactation. Greer et al. ( 1 982 ) observed an increase in serum 
magnesium and calcium during the first 6 months of lactation, 
and I ncreased vitamin D at 6 months, when compared to non­
lactating control fema l es. A slight decrease fn PTH, and an 
unchanged calc f tonfn level was also observed s i multaneously. 
Greer et a 1 . (1982) suggest that hyperparathyroi d f sm does not 
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occur durfng lactation, and that the calcfum and phosphorus 
1 ost dur f ng the ff rst months of 1 actat ion are adequate 1 y 
compensated for by the maternal physiology. However, calcium 
homeostas f s may be ma f nta f ned through f ncreased v f tam f n D 
levels fn the later months of lactatfon (Kumar et al. , 1979; 
Greer et al. , 1982 ) . 
Age fs an fmportant factor in the loss of bone mineral 
dur f ng 1 actat ion ( Chan et a 1 • , 1982; Johne 1 1 and N f 1 sson, 
1984 ) . However, it may be d ff ff cu 1 t to compare groups of 
differing ages because of the observable variation in diet and 
life-style, which change throughout the life span (Johnell and 
Ni 1 sson, 1984 ) • Chan et a 1 • C 1982 ) have shown that at 
approx f mate 1 y 2 to 16 weeks, no sf gn ff i cant d f fference f s 
exhibited fn serum or bone mineral content levels fn mothers 
ranging fn age from less than 18 years to greater than 31 
years. However, a decrease fn bone mineral content in the 
less than -18 years of age group at the end of the 16 weeks was 
observed (Chan et al. , 1982 ) .  Dietary intake appears to have 
p 1 ayed an f mportant ro 1 e f n these observations, where the 
younger age group did not meet the dfetary requ i rements for 
calcium and phosphorous, and thus were at higher risk for loss 
fn bone mfneral content (Chan et al. , 1982 ) .  
Non-human primates: 
There has been research conducted relative to bone loss 
with age in non-human primates, yet none specifically 
concerning the effects of reproduction and lactation on bone 
1 oss f n non-human primates. Rather, this area of research has 
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focused on humans, and other non-human mammalian models, such 
as rats, sheep, and dogs. The objective of this section is to 
briefly provide an overview of the majority of research which 
has been conducted in regard to age-related bone loss in non­
human primates. 
Bowden et al. ( 1 979), and Lei and Young ( 1 979) examined 
age-related changes in the macaque, specif i cal 1 y cort i ca 1 1 oss 
in the 2nd metacarpa 1 , the density and degree of osteon 
remodeling fn the femur, and tibial shaft cortical and 
trabecular mineral composition . Percent cortical area (PCA ) 
was determined radiographically to evaluate osteoporoses in 
the metaca_rpa 1 s and metatarsal s of two spec 1 es of macaque 
(Macaca nemestrina and Macaca fascfcularis ) (Bowden et al. , 
1 979 ) .  PCA was determined by two measurements: l .  PCA-L, the 
cortical area of a longitudinal section of the long bone for 
comparison with the total area, and 2. PCA-C, the cortical 
area of a cross section at the mid-shaft of the long bone, 
a 1 so for comparison with the tota 1 area. A significant 
decrease in the 2nd metacarpal PCA-L was observed in the older 
age groups for both ma 1 es and f ema 1 es. A 1 though both 
measurements of percent cortical area established observable 
differences between the 20 year age group and both the 1 0  year 
and 4 year age groups, only the PCA-C measurement established 
a difference between the 1 0  year age group and the 4 year age 
group. The lowest PCA-L values were exhibited in two females 
within the 20 year age group. 
of these females was not 
The reproductive status of one 
known, however, the other was 
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considered to be postmenopausa 1 ( Bowden et al . , 1979) • The 1 o 
and 20 year age group females were divided based on low and 
high parity to determine the relationship of the number of 
of'fspr i ng produced to PCA. The mean PCA-L for 1 ow parity 
within the 10 year age group was 57. 0 +/- 5. 2, . and 47. 7 +/-
2. 0 within the 20 year age group. The mean PCA-L for high 
parity within the 10 year age group was 65. 2 +/- 5. 0, and 56. 8 
+/- 5. 2 for the 20 year age group. Thus, PCA-L was greater 
for the high parity 'females than those within the low parity 
group, within both age groups (Bowden et al. , 1979) . A high, 
sign f f'icant, positive correlation was observed between PCA-L 
and PCA-C CR=0. 93; p<0. 001) . A significant, negative 
correlation was observed between both measurements of percent 
cort f cal area and age (R=-0. 64; p<0. 001) (Bowden et al. , 
1979) . 
Bowden et a 1 . C 1 979) a 1 so perf'ormed tetracyc l f ne 1 abe 1 i ng 
in the femoral d f aphyses of these age-grouped macaques, in 
order to determfne histological evidence of remodeling. 
Approximate 1 y ha 1 f' of the macaques tested exhibited 
tetracycline labeling, a l  1 of which were within the 4 year and 
10 year age groups. However, Bowden et al. (1979) ind f cate 
that only 3 of' the animals tested were withfn the 20 year age 
group, none of wh f ch exh i bf ted tetracyc I f ne 1 abe 1 f ng of 
osteons in the femoral diaphys f s. Thus, the sample resulted 
in the i nab i 1 i ty to stat i st i ca 1 1 y test the rel at f onsh i p 
between age and labeling frequency. In addition, Bowden et 
a 1 • ( 1979) f nd i cate that no significant var 1 at ion f n the 
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number of primary osteons (per cm2) with age, nor a 
relationship between the degree of osteon remodeling and age, 
was exhibited. 
Bowden et al. ( 1 979) concluded that : 1. PCA of the 2nd 
metacarpal or the right hand was more strongly correlated with 
age than was PCA of any other bone in the hands or feet, 2. 
PCA-C was more strongly correlated w f th age than PCA-L, 
indicating that the center of the diaphysfs exhibits more 
pronounced osteoporosis or ageing than the extremeties, 3. the 
decline in PCA from the 1 0  year to 20 year age groups, as wel 1 
as the observab 1 e 1 ower 1 nc i dence of osteoporos i s in the 
higher parity groups, is consistent with that which is 
observab 1 e in human fema 1 es, 4. the differences observed 
between the 1 0  year and 20 year age groups is also consistent 
with the differences observed between premenopausal and 
postmenopausal human females, 5. in females osteoporosis of 
ageing occurs independent of ovar 1 an function, and 6. the 
males and remales both exhibited the same direction or change 
1 n cort 1 ca 1 th 1 ckness w 1  th age. It 1 s apparent from the 
resu l ts or this study, that osteoporosis or ageing is 
exhibited in macaques (Bowden et al. , 1979) . 
Lei and Young (1979), also utilizing 4 year, 10 year, and 
20 year age groups, conducted research relative to serum and 
ti bf a 1 bone mi nera 1 content changes with age f n the two 
species of macaques utilized by Bowden et al. ( 1 979). The 
absolute cortical content of magnesium decreased with age. 
However, the absolute cortical content of calcium and zinc did 
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not significant 1 y di ff er between the 3 age groups. The 
trabecular content of calcium, zinc, and magnesium was greater 
f n the 4 year age group than either of the two o 1 der age 
groups. The cortical and trabecular ratios of both 
calcium : zinc, and magnesium : zinc significantly decreased with 
age C Le f and Young, 1979) . I t  was cone 1 uded that the de­
m f nera 1 i zat f on observed in the macaques of this study was 
similar to that in humans C lef and Young, 1979). 
The results of serum, and tibial bone mineral content 
analyses, conducted by Lei and Young (1979), were compared to 
the Bowden et al • C 1979) 2nd metacarpa 1 PCA-L resu 1 ts, in 
order to determine a correlation between the percent cortical 
area and m f nera 1 content in the two spec f es of macaques. 
Correlations were observed between the tibial cortex 
calcium : zfnc ratio and the 2nd metacarpal PCA-L, and between 
the tibial trabecular magnesium : zinc ratio, calcium, and 
magnesium levels, and the 2nd metacarpal PCA-L. However, the 
correlation observed between the tfbial cortex calcium: zinc 
ratio and the 2nd metacarpal PCA-L was not strongly 
significant ( p= 0 . 03 ) . A significant, negative correlation was 
observed between the serum copper levels and the 2nd 
metacarpal PCA-L (R=-0.65; p<0. 01) (Bowden et al. , 1979). 
Bowden et a 1 • C 1 979) suggest that the corre 1 at ion between 
cortical thickness and the t f b f  al trabecu 1 ar calcium and 
magnesium content may be ind f cat i ve of a decrease f n the 
proportion of marrow dry weight associated with a decrease in 
cortex. I n  addition, 1 t i s suggested that the reduced 
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ca 1 c f  um : z f nc, and magnes f um : zinc rat f os as soc f ated w f th a 
decrease f n  cort f cal th ickness is poss ibly f nd icat ive of an 
assoc iated change in bone mineral content with age as wel 1 .  
Pope et al. (1 989) have examined bone density changes i n  
the humerus, th f rd lumbar vertebra, and e f ghth caudal 
vertebra, re 1 at f ve to age and sex in 1 i ve and necrops i ed 
rhesus monkeys. S ingle photon absorpt iometry (Norland bone 
densitometer) was util f zed to collect bone m f neral density 
data. The sample cons f sted of 57 male and 49 female rhesus 
monkeys from the Yerkes Reg ional Pr imate Research Center, 
rang ing f n  age 'from b f rth to 35 years. No s f  gn if' f cant 
d f ff'erences were observed between the 1 f ve and necrops f ed 
spec f mens f'or the BMD, BMC, and BW measurements. Thus, the 
live and necropsied an f mals were pooled f'or the overall age 
and sex bone m i  nera 1 dens ity ana 1 yses. In the humerus, a 
s f gn f f' f cant effect of age on bone density was observed in the 
males. Pope et a 1 . (1 989) suggest that th is is due to the 
younger males hav ing lower measurements. In general, bone 
dens ity was not observed to significantly decrease with age in 
the males. The intact 'females also exh f b t ted a sfgn f f'icant 
ef'f'ect of' age on bone dens ity. The youngest (0-4 years of' 
age) and three oldest an i ma 1 s ( 32-33 years of' age) had 
s f gn if' f cantly lower bone dens it ies than the 'females w f th f n  the 
4 to 24 year age range. A s ignificant ef'f'ect of' age on BMD 
was also observed in the male eighth caudal vertebra analysis, 
wh ich the authors consider the result of' the lower BMD in one 
32 year old and the younger males. Once aga in the intact 
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females exhibited a slgnfffcant effect of age on BMD. The 
e f ghth cauda 1 vertebra BMD was sf gn if f cant 1 y 1 ess in the 
younger and very old (32 and 33  year old) intact females. In 
both the humerus and eighth caudal vertebra analyses, analysis 
of variance resulted in a sfgnificant effect of both age and 
sex on BMD. The third lumbar vertebra analysis consisted of 
on 1 Y necrops i ed specimens. A significant effect of age on BMD 
was observed I n the ma 1 es, once aga I n  due to the 1 ower 
measurements of one 17 year old, one 19 year old, and the 
younger fndfvfduals. A significant effect of age on BMD was 
also exhibited in the intact females. The authors suggest 
this is also due to the younger individuals, and one 22 year 
old female. Analysis of variance resulted in a significant 
effect of age, but no significant effect of sex, on BMD. 
Pope et al. (1989) suggest that the 32 and 33  year old 
females may have been postmenopausal, exhibiting a decreased 
bone mineral density due to estrogen deficiency. The authors 
cone 1 ude that the rhesus monkey exh i bf ts a change I n  bone 
mineral density similar to that observable in humans. 
Age-related skeletal status in saddle-back tamar l ns 
(Saguinus fuscicollis) has been researched by David Glassman 
(1985). The objectives of this research were to determine the 
re 1 at i onsh fps between age and i ntracort i ca 1 remade 1 i ng (osteon 
analysts), as well as mfd-diaphyseal cortex shape and size, in 
the humerus, ulna, . and ttbi a in saddle-back tamarfns. A 
sign ff f cant rel at i onsh f p between cortex sf ze and age was 
observed. An age-related change fn cortical thickness in the 
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ulna, as wel 1 as age-related bone loss f n the t f b f a, was 
exh i bf ted as we 1 1 ( G 1 as sman, 1 985) • W ;  th f n the tamar in 
samp 1 e, no s f  gn if f cant d f ff erences were exh f b f  ted f n the 
pattern of remodelfng or change in cortical size relative to 
gender ( Glassman, 1 985). However , Glassman (1 985) attr ; butes 
this result to small sample size. For those tamarins within 
the transitional stage between mfd-adult and old-adult age 
(approximately 10 years or age), an ; ncrease in the number or 
osteons and osteon rragments was exh ; bfted in both the humerus 
and ulna. As the result or osteoclastic activity, a decrease 
in the frequency of non-Haversion canals with age was 
observed. G 1 assman ( 1 985) ind f cates an overa 1 l change in 
cortical shape of the ulna, without significant loss in bone 
area. Arter approximately B. 5 years or age , a pattern or bone 
1 oss f n the anterior-posterior, and media 1 - 1 atera 1 tibia 1 
cortex dimensions was exhibited. Glassman ( 1 985) suggests 
that the results exhibited in this research are simflar to 
other non-human primate studies, as well as research 
concerning cortex change f n  humans. 
Jerome et al. ( 1 986) have conducted research concerning 
the effects of ovar i ectomy on trabecu l ar bone in baboons 
(pap i o anub f s) • I 1 f ac crest b f  ops f es were col 1 ected rrom 
adult remale baboons, which had been oophorectom ; zed, as well 
as from those wh i ch had not. Il f ac crest biopsies were also 
collected 6 months rol lowing ovar ; ectomy . The results or th ; s  
study indicate that an increase in bone turnover rates is 
associated w f th ovar f ectomy in these baboons . Jerome et al. 
29 
( 1986) suggest that the the ovarfectomfzed baboons exhibit 
changes fn trabecular bone whfch are consistent wfth changes 
fn calcium metabolism observable fn postmenopausal women. 
Przybeck ( 1 98 1 ) has prov f ded data concern f ng hi sto log 1 cal 
age-related changes f n the rib bone ot= macaques ( Macaca 
nemestrfna) . The sample utilized 'for this study contained 
ribs 'from 60 macaques, ranging in age 'from 1 month to 20 
years. The 'frequency of osteon 'fragments, and secondary 
osteons, as well as Haversian canal size, and osteon area, 
were analyzed. I n  addition, analysis was conducted relative 
to percent cortical area, as well as total cross-sectional 
area . Bone apposition , and turnover rates were also assessed 
through tetracyc l i ne label i ng. Przybeck ( 198 1 ) f nd i cat es, 
'from the results of thfs study, that the pattern of bone loss, 
and apposition is sim1 lar to that which 1 s  observable in 
humans. However, ft is suggested that the macaques, 
particularly the younger individuals, exhfbit greater bone 
turnover rates than humans (Przybeck, 198 1) . 
Yamaguchf et al. ( 1986) have looked at bone, specifically 
osteomalac i a, in the common marmoset. Marmosets fed a high 
vi tam f n 03 di et were compared rad f ograph i cal l y and 
hfstologically to rhesus monkeys fed a normal diet of vitamin 
03 . Ot= the 20 marmosets fed the h f gh v1 tami n 03 di et, 3 
exhfbited osteomalacfc changes in their bones. None of the 
rhesus monkeys exhib t ted signs of osteomalacia. An increase 
in bone surface relative to volume, and active osteoclastic 
resorption, was observed in the osteomalacic marmosets 
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re 1 at f ve to the non-osteoma 1 ac i c marmosets and rhesus monkeys . 
Cons f der f ng that marmosets require l arge amounts of vitamin 03 
f n  order to maintain norma l growth, as they have an end-organ 
res i stance to · 1 , 25 ( 0H ) 2D3, they may exh f b i t  osteomalac i c  
changes f n  the bone regardless of a h f gh v i tam i n  0 3  d i et 
( Yamaguch i et al • , 1 986 ) . Yamaguch f et a 1 . ( 1 986 ) suggest 
that the osteoma l acic changes observable in these marmosets i s  
s i m i lar to that observable i n  v f tam f n  D-dependent r i ckets, 
type I I . 
Reproduct i ve Strateg i es and L i Fe H i story 
Var i ous adaptat i ons have evolved i n  order to prov 1 de 
successfu 1 rear i ng of offspring, wh i ch may i n  turn reach 
reproductive age, thus max i m i z i ng the i nd i v f dual ' s  
contr i but i on to the gene pool ( Goss-Custard et al., 1 972 ) . 
Th i s  reproduct f ve success i s  accomp l i shed through var i ous 
reproduct i ve strategies wh i ch are associated with certa i n  l i fe 
h 1 story var f ables. Successfu 1 product 1 on and rear 1 ng of 
offspr i ng that will reach reproductive age themse l ves, may be 
ach i eved through one of two means : ( 1 )  less f nvestment 
prov i ded for a greater number of offspr i ng produced, or ( 2 )  
i ncreased f nvestment prov i ded for fewer i ndiv i dual offspr i ng 
produced. Al though a h i gh reproduct i ve rate, and a h i gh 
degree of offspr i ng f nvestment would prov i de max i m f zed 
reproduct f ve success, the actual strategy ut i l i zed may be a 
comprom i se between these two ( Goss-Custard et al., 1 972 ) . 
Reproduct i ve strateg i es vary across spec i es ( Dunbar, 
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1983; Harvey et al. , 1986). Even within a single mammalian 
order, such as the primates, a considerable degree of 
variation is exhibited. To illustrate this variation among 
primates, Harvey et a l .  ( 1986) provide two extremes : ( 1) the 
mouse lemur, which produces one or two litters of two to three 
offspring per year, wh i ch reach a reproductive age within a 
year, and ( 2) the gor i 1 1 a, wh i ch on 1 y produces a sing 1 e 
offspring approximately every 4 to 5 years, which don't become 
reproductive until they are approximately 10 years of age . 
When addressing reproductive life history models, there 
are typ i cally several variables wh i ch are taken into account, 
and that maintain strong inter-correlations : gestation 
length, age at weaning, maternal s fze, neonatal weight, litter 
size, growth and development, age at sexual maturity, age at 
first breeding, longevity, and length of the estrous cycle 
( Harvey and C 1 utton-Brock, 1985) . Reproductive energetics 
reflect the energy required ( i e . ,  costs) assoc i ated w i th life 
history var i ables (Laws, 1987). The amount of relat i ve energy 
invested in the successful reproduction of offspring, as well 
as indfvidual self-maintenance, varfes relative to these 
variables (Calder, 1984) . Thus, these life history variables 
represent a balance between energy intake and energy output, 
or costs and benefits, associated with various reproductive 
strategies. Therefore, the u l timate reproductive strategy 
selected is the result of a compromise between these costs and 
benefits (Dunbar, 1983). 
Many hypotheses have been provided, relative to 
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reproductive energetics, for 
maintenance of 1 ong i nterb i rth 
reproduction, and the decrease 
the explanatfon of the 
intervals, suppressfon of 
in number of offspring 
produced. Some of these explanations relate to the amount of 
energy fnvested in the offspring, fn terms of weaning ages 
relative to body sfze (Calder, 1984; Fischer, 1 988). Calder 
(1984) suggests that small anfmals have shorter lffe spans, 
and produce a larger number of offspring, thus investing a 
higher proportion of energy in reproduction . 
on the other hand, invest more energy in 
offspring, and self-maintenance. Small 
Larger animals, 
sing 1 e vi ab 1 e 
body size is 
assoc fated with shortened gestation 1 engths, thus a 1 1 owing 'for 
a hfgher annual reproductive rate, as opposed to lengthened 
gestatfon and a lower reproductive rate, observable in larger 
animals (Calder, 1984). I n  general, the observable trend in 
primates typically reflects the production of a single 
offsprfng, and relatively slow post-natal development . Thus, 
the costs associated w f th this type of reproductfve strategy 
tend to be lower than that of other mammalian groups (Prentice 
and Whitehead, 1 987). I n general, small-bodied primates tend 
to have a higher metabolic rate, associated with an increased 
1 nsect 1 vorous, hfgh protein dfet. In turn, the high 
metabo 1 1  sm, prov 1 ded for by th i s type of di et, f ac; 1 i tat es the · 
production of large litters (Chapman et al. , 1990 ) .  
Lactation provides the initial energy intake necessary 
for survival of mammalian offspring during the 'f i rst stages of 
post-natal 1 1 fe. Thfs maternal provisfon allows for 
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successful reproduction in any environment which can sustain 
the adult animal (Pond, 1984). The primary function of the 
mammary gland is to provide nourishment for the offspring by 
producing milk { Knight, 1984). Thus, mammary gland function 
is directly involved in increased reproductive fitness, 
relative to the amount of energy invested in the offspring 
(Williams, 1966). Mammary growth throughout the life span is 
st i mu 1 ated by ovarian steroids, and pro 1 act f n and growth 
hormones. Particulary, increased stimulation of this growth 
occurs as the resu 1 t of endocr i no 1 og i ca 1 changes during 
pregnancy { Knight, 1984). I n  lactating mammals, the mammary 
organ synthesizes milk from substrates obtained from the diet 
or from resevoirs within the maternal body { Pond, 1984). 
Thus, large amounts of essential maternal nutrients are lost 
through 1 actat f on { Buss, 1971). Therefore, under max f ma 1 
reproductive conditions, there exist maternal physiological 
costs as soc i ated with the energy required for 1 actat ion. Most 
important 1 y, though, the f ema 1 e must increase her dietary 
intake of nutrients in order to meet the metabolic 
requirements for 1 actat ion ( Sad 1 e fr, 1984 ) .  The seasona 1 
ava f 1 ab i 1 i ty of food resources thus se 1 ects for seasona 1 
reproduction f n some species f n order to meet the di etary 
requirements for lactation (Sadleir, 1984). 
Offspring produced by small species require rel atively 
greater amounts of energy intake associated with an increase 
in metabolic rate (Oftedal, 1984). Smal 1 -bod fed mammals must 
expend a relatively greater amount of energy fn order to meet 
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these lactational requirements, in that energy fs not easily 
stored. Large-bodied mammals, including humans, are capable 
of storing energy in large fat reserves, which provfdes an 
add i tional adaptation to lactatfonal energy requ i rements 
(Sadleir, 1 984; Prentice and Whitehead, 1 987) . As the 
offspring grow, their energetic requirements increase, and the 
peak demands for mflk production occur dur i ng the most rapid 
per f ods of infant growth (Knight, 1 984) • Thus, the costs 
associated w f th the amount of energy expended for lactation 
are not uni form 1 y spread out, but rather i ncrease during 
certa i n  periods of materna 1 homeostasis (Lee, 1987) . I n  
addition, the rate of mammary growth during pregnancy is 
inversely proportional to the length of gestation, and 
direct 1 y proport i ona 1 to the number of offsr i ng produced 
within the 1 i tter ( Kn f ght, 1 984) • Thus, the shorter the 
gestation length, and the greater the number of offspring, the 
greater the rate of mammary growth. This results in 
exponent i a 1 1 y higher energy requirements for 1 actat ion in 
animals with relatively shorter gestation lengths, and 
increased l f tter size. 
Overall reproductive success cannot be achieved through 
uncontro 1 1 ed, continuous reproduction, because of the 
associated high energy costs for reproduction and lactation 
( W i 1 1 f ams, 1 966) • Thus, mechanisms, such as reproductive 
suppression, achieved through lengthened interbfrth intervals 
associated wfth lengthened lactat f on, are observable i n  
humans, as well as other large-bod i ed primates (Hearn, 1 984) . 
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Many smal 1 -bodied, seasonally- reproducing primate species do 
not exhfbft reproductfve suppression relatfve to lengthened 
lactatfon ( Hearn, 1984). However, some of these prfmates, 
such as the Ca 1 1  f tr f ch f dae do provide for a contracept f ve 
mechan f sm f n the form of subordinate reproductive suppression, 
whereby reproductive success fs affected by social status. 
I ncreased fnvestment in the offspring of the dominant 
reproducing female fs achieved through helping strategies, 
which are provided f'or by non-reproducing subordinate f'ema 1 es, 
as well as the male parent ( Abbott, 1987; Chapman et al. , 
1990). I n  addition, although twinning is the typical 
reproductive occurrence fn marmosets and tamarins, triplets 
have been known to occur . Even though trip 1 ets usua 1 1 y cannot 
be mafntafned, ft is possible that in tfmes of nutritfonal 
abundance, tripleting may occur as a reproducitve strategy to 
maxfmfze the number of surviving of'f'spring in the event of one 
or more fnfant deaths ( Kfrkwood, 1983). 
Reproductfve behavior in the Callitrichidae is discussed 
fn more detail wfthin the Tamarfn Bfology section of this 
l f terature review. The bas f c cone 1 us 1 on is that max 1 mum 
reproductfon fn these small-bodfed prfmates fs achfeved 
through shortened fnterbfrth fntervals, shortened lactation, 
fncreased offsprfng produced per pregnancy, rapfd maturatfon 
of offsprfng, a post-partum estrus, and helpfng strategies 
( Efsenberg, 1978; Hershkovitz, 1977; Chapman et al., 1990) . 
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Tamar f n  B f o l ogy 
Ecology: 
The Family Callitrichidae (Primates ) consists of four 
genera: Cebuella , Callithr i x , Sagufnus , and Leontopithecus 
(Hershkovitz , 1 977) . The discussion w i thin this section is 
concerned pr i mar f 1 y w f  th tamar ins C Sagu i nus ) , and wi 1 1  be 
supplemented with information on other genera as necessary .  
Tamarins are small (250 to 550 grams ) , d i urnal , arboreal New 
Wor 1 d monkeys ranging throughout trop i ca 1 forests of South and 
Central America (Hershkovitz , 1977 ; Sussman and Kinzey , 1984 ; 
Napier and Napier , 1 985 ; Richard , 1 985 ; E f senberg , 1 978 ) 
(Figure I I • 1 ) • These sma 1 1 primates are very co 1 orfu 1 , 
exhibiting ornamentation in the form of white eyebrows , 
moustaches , and crests { Hershkovitz , 1977 ; Napier and Napier , 
1 985 ) • Tamar ins are terr f tori a 1 , with shifting boundaries 
relative to resources. Locomotion f s  achieved through 
quadrupedal branch running , with some vertical clinging and 
leaping (Hershkovitz , 1 977 ; Napier and Napier , 1 985 ) . They 
subsist primarily on fruit and a high percentage of insects , 
supplementing with some l eaves , tree sap and gums , as wel 1 as 
smal 1 vertebrates ( Hershkovitz , 1977 ; Napier and Napier , 1 985 ; 
Richard , 1 985 ; Eisenberg , 1 978 ) • The maxi mum 1 if e span of 
tamar f ns in captivity is 20 to 2 2  years (Bowden and Jones , 
1 979 ) • The social organization of tamar ins appears to be 
flexible ; they occur f n  small , monogamous groups , extended 
family un i ts ,  cons i st i ng of a mature male , a reproducing 
female , and their offspring , as well as polyandrous groups 
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f igure I I . I .  Geograph ical d istr ibut ion of Ca 1 1 1 tr ich id? in 
South and Central Amer ica (c = tamar f ns )  
(reproduced from Hershkovttz . 1977 ) .  
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( Hershkov i tz, 1 977; Epp 1 e, 1 978; Evans and Hodges, 1 984; 
Napier and Napier, 1 985). 
Reproduction: 
Free-ranging tamarins are primarily seasonal breeders, 
but often exhibit both seasonal and continuous breeding in 
laboratory environments (Hearn, 1 978; Richard, 1 985; 
Hershkovitz, 1 977). At the ORAU Marmoset Research Center, 
breeding occurs approximately twice annua 1 l y in Sagu i nus 
fuscicollis (Clapp and Tardif, 1 98 5). Females become 
reproductively active as early as 1 8  months (Mallinson, 1 978), 
and may continue to reproduce up to 1 3  to 1 5  years of age 
(Epple and Katz, 1 983). Estrous cycles range from 1 5  to 31 
days in Sagufnus oedipus and Saguinus fuscicollis (1 5 to 21 
days specifically in Sagufnus fuscicollis) (Epple and Katz, 
1 983). At times, these estrous cycles appear to be anovular 
(Hershkovitz, 1977 ; Hampton and Hampton, 1 978 ; ) .  Hershkovitz 
( 1 977) proposes that the observab 1 e persistence of seasona 1 i ty 
in captivity, is possibly the result of such anovular estrous 
cycles. I n  general, females of 1 7  years of age and older do 
not ovu 1 ate, and exhibit moderate 1 eve 1 s of' p 1 asma 
progesterone and ur f nary oestrone-g 1 ucuron f de C Tardif and 
Ziegler, in press). Typically, tamarins produce fraternal 
twfn of'f'sprfng, following a gestation length ranging from 1 30 
to 1 50 days (Sussman and Kinzey, 1 984 ; Napier and Napier, 
1 985 ; Richard, 1 985 ; Hershkov i tz, 1 977 ; Eisenberg, 1 978). The 
production of' twins f n these animals results in a major 
maternal physical burden, in that the combined weight of the 
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neonates is typically greater than 101., and generally wfthin 
the range of 151. to 18o/., of the maternal body weight 
(Eisenberg, 1978; Tard i f, pers . comm. , 1990). However, this 
is compensated for through group helping strategies, in which 
the infant care burden fs shared by the male parent, as well 
as older offspring withfn the group (Epple, 1975; Richard, 
1985). 
Typically within the tamarin social group, which often 
consist of several adults of both sexes, only one dominant 
female reproduces (Epple, 1978; Hershkovitz, 1977). Within 
artiffcial groups, it has been observed that only one dominant 
female continues to reproduce in the presence of other non­
reproducfng daughters, as well as other mature females (Evans 
and Hodges, 1984). However, those non-reproducing females, 
when removed from the group, begin to reproduce shortly after 
the 1 r p 1 acement wf th a mature ma 1 e. In addi t 1 on, non­
reproducing fema 1 es a 1 so become reproductive 1 y active 
followfng the removal of the dominant female from the group 
( Epp 1 e, 1978) • The presence of soc i a 1 factors, such as 
subordinate reproductive suppression, possibly regulate 
physiological factors, such as endocrinological function, 
resulting I n  anovulatory subordinate females that are within 
the proximity of a dominant, reproducing female (Epple, 1978; 
Hearn, 1978; Abbott, 1987) • The effects of reproductive 
suppression allow for increased investment in the offspring 
produced by the dominant female, which is provided for through 
helping strategies 1nvolv1ng the non-reproducing subordinate 
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f'ema 1 es within the group C Abbott, 1 987) • Thus, 'frequent 
twinning, short i nterb i rth i nterva 1 s, rapid maturation of' 
of'f'spr i ng, and a post-partum estrus, as we 1 1  as he 1 ping 
strategies, a1 1 ow f'or a high reproductive rate in tamarins 
(Eisenberg, 1978). 
Maintenance and breeding in captivity: 
Primate research centers provide laboratory environments 
necessary f'or many medical, biological, psychological, and 
behav i ora 1 investigative areas of research. However, they may 
a1 so maintain breeding colonies which provide f'or addftiona1 
research capabilities relative to reproduction, as we1 1 as 
conservation ef'f'orts. Breeding of' primates in captivity, 
specff'ica J ly of' marmosets and tamarins, is critical relative 
to 'future experimental research involving endangered species 
of' tamarins (Clapp and Tardif', 1985). Breeding colonies not 
on 1 y  provide the means f'or primate research other than 
utilization of' wild-caught animals, but they also allow f'or 
controlled research in which lif'e history variables, such as 
age, reproductive rate, and genetic relationships, are known 
and documented for research specimens ( Kleiman, 1978 ; Ogden et 
al., 1978) . Marmosets and tamarins have exhibited successful 
breeding in captivity, and are greatly used in biomedical 
research as laboratory animals (Gengozian et al., 1978 ; Epple, 
1 970 ; Cicmanec, 1 978 ; Richard, 1 985 ; Mittermeier et al. , 1978 ; 
Ogden et a 1 • , 1 978) • Primates in Medicine: Marmosets in 
Exper imental Medicine, edited by Gengozian et al. ( 1 978), 
provides a vo 1 ume of' comb f ned art 1 c 1 es address f ng issues 
4 1  
concernfng the use and mafntenance of marmosets and tamarins 
in areas of medfcal research, such as viral oncology, 
immunology, genetics, and infectious diseases. Various 
articles are also provided concerning the breeding of 
marmosets and tamar ins in capt iv f ty, and maintenance and 
husbandry within breeding colonies. Kleiman (1 978 ) has also 
provided a volume of articles relative to ecology, biology, 
reproduction, conservation, and colony management of the 
Cal l i tr i chi dae. However, Cal 1 i tr i chi dae breeding col on i es are 
fewer in number and younger f n deve 1 opment than Old Wor 1 d 
monkey co 1 on i es, and successful maintenance and husbandry 
withfn these colonies have yet to be thoroughly researched 
(Clapp and Tardif, 1 985 ) .  Many problems associated wfth the 
mafntenance of species of Callitrichidae, most importantly 
diet and disease control, must be addressed (Cicmanec, 1 978; 
Hobbs et al. , 1 978; Clapp and Tardif, 1 985 ) .  
Captive conditions within Call itrichidae breeding 
co 1 on i es, whereby typ i ca 1 1  y they are housed in pairs as 
opposed to extended fam 1 1  i a 1 groups, a 1 1 ow for successful 
reproductive rates to be ma 1 nta 1 ned (Epple, 1 978� Mallfnson, 
1 978 ) .  Mal l i nson C 1 978 ) states that at the the Jersey 
Zoological Park, offspring are left with their parents until 
approximately 1 2  months of age, allowing for ass f stance in 
care for other offspring produced with f n this ti me, yet 
preventing reproductive suppression in these offspring, as 
they are removed before they become sexually active. This is 
one example illustrating the control which may be maintained, 
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a 1 1 owing for optima 1 reproductive conditions under which 
extensive research concerning reproduction in primates may be 
accomp 1 i shed. Marmosets and tamar ins thus provide a high 
potential for research involving non-human primate 
reproductive behavior as well as physiology, in addition to 
their use fn biomedical studies. 
The Oak Ridge Associated Universities Marmoset Research 
Center. The MARCOR, in Oak R i dge, Tennessee, was founded in 
the early 1 960s, and operated for more than 20 years, by Dr. 
Nazareth Gengozfan (Gengozian et al. , 1 978 ; Clapp and Tardif, 
1 985). The marmosets and tamar ins maintained by this research 
center, were inf ti a 1 1  y ut 11 i zed for stud f es f n radiation 
biology (Gengozian et al. , 1 978). Because these Cal 1 itrichids 
exhibited successfu 1 breeding within this capt f ve environment, 
they were perceived as more advantageous specfmens for long­
term research, such as immunology . As a result, more emphasis 
was placed on a better understanding of reproduction and l ong­
term conservation of these animals { Gengozfan et al. , 1 978). 
Currently, Callithrfx Jacchus and Saguinus fuscicollfs 
il ligerf are being used as contro l s  in colonic cancer research 
relative to observed hfgh incidences of spontaneous colonic 
cancer in Saguinus oedipus oedipus. 
Associated with husbandry changes occurring in 1 979, a 
marmoset diet, developed by Dr. Richter, higher in protein, 
Vitamin D, and A was used within the MARCOR (Tardif, pers. 
comm . , 1 990). The morning MARCOR marmoset diet consists of 
High Protein Monkey Chow 5045, bananas, and applesauce , plus 
43 
V 1 tam 1 n s 03, C, Mu l t 1 pl e B, Fol i c Ac f d and Copper. The 
evening diet consists of approximately 1 /2 ounce of Canned 
Marmoset Diet, plus a variety of supplements, including boiled 
eggs, small marshmallows, peanuts, mealworms, raisins, 
coconut, lettuce, and sweet potatoes (Clapp and Tardif, 1 985). 
The MARCOR breeding f ac i l 1 ty, designed by Dr. Conrad 
Richter, contains 40 family-unit apartments in which breeding 
pair s are housed with their offspring (Clapp and Tardif, 
1 985). Animals are not removed from the family unit until 
second or th 1 rd l 1 tter b 1 rths occur. At this t f me, when 
sexual maturity fs reached by fir st litter offspring, animals 
are removed from the fami 1 y unit for placement wf th other 
suitable mates or experimental use (Clapp and Tardif, 1 985 ) .  
This type of maintenance al lows for 1 ncreased surv f val of 
offspring produced through helping strategies provided for by 
older members of the fam 1 l y unit, as we 1 l as prevent f ng 
reproductive suppression in offspring which have reached 
sexual maturity. Clapp and Tardif (1 985) indicate an increase 
f n  the survival of offspring to one week of age from 23. 4% in 
1 976 to 69. 6% in 1 984 fn Sagufnus oedfpus oedipus, where 85� 
of the ofrspring deaths which occur before one year of age are 
within one week after birth. 
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CHAPTER I I I  
MATER I ALS AND METHODS 
The SaQ> l e 
The Oak R ; dge Associated Universit ; es Marmoset Research 
Center ( MARCOR) has maintained an extensive marmoset and 
tamarin (Cal litrichidae, Primates } life history database 
containing complete geneologies, as well as species, gender, 
and age information, for each individual animal housed within 
their facility. Table I I I . 1 illustrates the information 
contained in this database . The sadd 1 e-back tamar in ( Sagu i nus 
fuscicollis }  sample was selected based on specific criteria 
for the analyses necessary for the stated purposes of this 
thesis ( Table I I I . 2) .  The skeletal material utilized for this 
research was obtained from the marmoset and tamarin skeletal 
co 1 1  ect ion, curated by the University of Tennessee . Knoxv i 1 1  e .  
Department of Anthropology. Based on the stated crf terfa 
(Table 111. 2 } ,  a sample of 69 animals was selected (Appendix 
A) , inc 1 ud i ng 38 f ema 1 e and 3 1 ma 1 e sadd 1 e-back tamar ins 
(Saguinus fuscico l l is ) . Documented b irth .  entry . and current 
status dates were considered critical in assessing accurate 
ages for these animals. All females within this sample were 
colony born and thus had documented ages. However, the ages 
of 1 9  of the 31 males within the sample were estimated, as 
they were not co 1 ony born. These ages were estimated by 
adding 2 years to the time spent in the colony (entry date to 
death date } • 
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Table 111. 1 .  MARCOR Lffe History Database Data Fields. 
MARCOR DATA F I ELD 
AN IMAL # 
SEX 
SPEC I ES 
CURRENT STATUS 




DATE OF CURRENT STATUS 
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MARCOR DATA CODE 
I dentification number 
M = Male 
F = Female 
I = Saguinus fuscicollis 
i l l i ger i 
H = S. f'.t sse. h:tbrid 
F = S. f. fuscicoll is 
3 = s .  f'. nfgrff'rous 
4 = S. f. lagonotus 
8 - s .  'f .  leucogenx:s 
X = abort i on/st i llb i rth 
Y = young 
D = dead 
S = stock 
E = experimental 
B = breeder 
Q = quarantine 
H = hold 
A =  sent out 
C = cu l 1 
Colony birth date 
Non-colony born date of 




An imal ident if icat ion 
number 
Date of which current 
status occurred 
Table 111.2. Specific criteria on which the sample was 
chosen. 
1. An i mal deceased 
2. Skeletal material ava i lable ror analysis 
3. Right remur present (unsect i oned) 
4. Genus and species = Sagufnus ruscicollis (hybr i ds and 
sub-species within) 
5. Birth date and/or entry date documented 
6. Current status = D (see Table V.l) 
7. Date of current status documented 
8. Sex documented 
9. Age of 17 months or older 
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It was considered best to proceed with an intraspecies 
analysis i n  order to mainta i n  as much control as poss i ble for 
this in it i a 1 research. However, the samp 1 e se 1 ected i s  
iDclusive of sub-species and/or hybr i ds within Saguinus 
fusc i coll i s. For the bone m i neral dens i ty (BMD ) analys i s, i n  
taking spec i f i c  measurements at the femoral mid-shaft, i t  was 
important that the skeletal mater i al was i ntact, as much of it 
has been sectioned for histological analyses during previous 
research projects. Lastly, the age requirement of 1 7  months 
and older i s  d i rectly related to the age at wh i ch the onset of 
reproduction occurs i n  female tamar i ns .  Cons i der i ng that the 
primary purpose of th i s  research i s  to determ i ne relat i onsh i ps 
between reproduct f ve variables and BMD , f t  was necessary to 
restr i ct the sample to animals of reproducing age and older. 
L i re H f story Var f ab l es 
The life history database maintained by the MARCOR was 
used to obtain information concerning specific reproduct i ve 
analytical variables , such as the reproduct 1 ve status, the 
total number of offspring produced, and the total number of 
litters , per individual female tamarfn (Table 11 1 . 3). 
Reproduct i ve status, in particular, was considered the most 
important variable with i n  the female sample. This variable 
1 ndicates the females which never experienced a pregnancy as 
opposed to those wh f ch had at least one or more pregnancies 
during their reproductive life span. 
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Table 1 1 1 . 3. Variables included in the current study . 









L I TTERS 
TTLOFFSP 
M = Male 
F = Female 
Age in months 
Bone mineral content (g/cm ) 
Bone w i dth 
Bone mineral density ( BMC/BW ) 
Max i mum f emora 1 1 ength: the di stance 
from the most superior point on the 
head of the femur to the most distal 
point on the distal condyles ( Bass, 
1 97 1 ) 
Total number of offspring produced 
Reproductive status: 
0 = no offspring (no pregnancies ) 
1 = offspring ( inclusive of 
st. i 1 1  births ) 
Total number of l i tters 
Total number of offspr i ng produced 
( inclusive of stillbirths ) 
See Appendix A for the raw data listing these variables for 
each indiv i dual animal within the total sample ( n=69 ) .  
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The age and species of those individuals within the male 
tamarin sample were also obtained from this database . The 
male sample provides comparative material for the study of 
age-related BMD changes across both genders. Use of this 
database a 1 so fac i 1 i tated the search for any patho 1 og i es 
documented at the time of necropsy, which could have had an 
effect on BMD. No such pathologies were encountered . 
Ske l eta l Ana l ys t s  
The right femur was selected for the skeletal analysis , 
as many or the l ert f emora had been previous l y  sectioned. BMD 
was measured using single photon absorptiometry .  Because the 
tamarln skeleton is so small, the relatively large femur was 
chosen to provide the most erficient and accurate measurement 
or bone mineral density. All but 14 of the female sample 
femora had been previously processed , and were housed in the 
marmoset skeletal collection curated by the UTK Department of 
Anthropology . The remaining 14 femora were taken from frozen 
cadavers which were processed specifically for this study . 
These individuals were simmered on low heat fn tap water with 
detergent in order to facilitate the the removal of tissue 
from the femora. Those animals which were already within the 
skeletal collection had been either macerated or processed in 
the same manner. 
Each femur was 1 n 1 t 1 a 1 1  y measured for max 1 mum 1 ength 
( Table 111. 3) using the Fowler ( dtgttal) Maxi-Cal caliper, 
w 1  th measurements taken to the nearest O. 1 O mm. The mid-shaft 
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was then located , relative to this measurement, and marked as 
the site at which bone mineral density would be measured. The 
Norland Corporation Densitometer ( mode 1 2780 ) was used to 
measure bone mineral dens i ty or the sample femora . The remur 
was p 1 aced on one sheet of p 1 ex i g 1 ass for bone mineral 
scanning. Operation of the densitometer, for the specific 
range of femoral sizes involved, was maintained and 
ca 1 1  f brated using a number 2 col l i mator, set at an 85"/. 
threshold level , hav fng a base count of 5100 ( Norland 
Corporation, 1 983 ) .  Four automated scans · were run per each 
femur in order to arrive at an average for the measurements of 
BMC, BW, and BMD for each specimen (Table 111.3 ) .  The average 
BMD f s indicative of the amount of bone m f nera 1 content 
relative to bone w i dth , and was selected as the var i able to be 
used for the skeletal analysis . 
Stat 1 st 1 ca 1  Ana l yses 
Stat fst fcal analyses were applied to BMD, age, gender, 
and reproduct i ve status to determine any relationships which 
may ex f st between these 
(Appendices B and C ) .  
variables in the 
The fol 1 owing are 
tamar f n sample 
the stat f st i ca 1 
ana 1 yses used to test for these re 1 at f onsh i ps ( W f 1 k f nson, 
1988 ) : 
1. Simple statistics were performed to determine the 
minimum, maxfmum, and mean measurements, as well as 
associated standard deviations, for age, average BMD, 
maxf mum femoral length, average BMC, and average bone 
5 1  
width (BW) for the ma l e  sample (n=31). 
2. Simple statistics were performed to determfne the above­
ment f oned measurements and associated standard dev i at i ons 
for the above-stated var i ab 1 es for the fema l e  samp 1 e 
(n=38). 
3. An ana 1 ys is of covariance was performed to test for 
re l ationships between the age, gender , and BMD variables 
in the tota 1 samp 1 e ( n=69) fema l es. One thousand 
replicates of the data for each animal were created and 
comb f ned. From these rep 1 i cates, art ff i c i al samp 1 es 
(bootstrap samples) were created by randomly selecting 
sets of the 69 data points, and calculating correlation 
coefficients for each set. This procedure allows for 
maximum randomization and the assessment of the accuracy 
of the correlation coefficient for small, non-normally 
distributed samples (Dfaconis and Efron, 1983). 
4. A regression of BMD against age was performed to test the 
effects of age on BMD in the male sample (n=31). The 
bootstrap technique was performed on this sample as we 1 l. 
5. A regression of BMD against age was performed to test the 
effects of age on BMD in the female sample (n=38). The 
bootstrap technique was applied to this sample as well. 
6. Simple statistics were performed to determine the 
minimum, maximum and mean , as well as the standard 
deviation , ror maximum remoral length, BMC , BW, and BMD, 
ror the reproducing females (n= l 8 ) ,  and non-reproducing 
f ema 1 es C n = 2 O ) C Tab 1 e I I I • 3 ) • 
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7 .  A t-test was performed to test the differences between 
non-reproducing ( NOF F=O) and reproducing ( NOFF=l) fema l es 
relative to age. 
8. The female sample ( n=38 ) was separated into treatment 
groups relative to reproductive status ( NOFF=O ; NOFF ; l ) .  
An analysis of covariance was performed to test how BMD 
varies with age and reproductive status. 
9 .  An ana 1 ys i s  of variance was performed on the non-· 
reproducing fema l es ,  and the reproducing females i n  order 
to determine the relat f onsh f p  between BMD and age for 
each. The bootstrap techn 1 que was performed on each 
group as well. 
1 0. Simple statistics were performed to determine the mean , 
minimum , maximum , as we l 1 as the standard dev i ation , for 
maximum femora l length , BMC , BW, and BMD , for the males 
and females which died before and after 1 97 9 , re l ative to 
dietary changes occurring at this time. 
1 1 .  The total sample ( n=69 ) was separated into groups 
re 1 at i ve to death ti me ( before 1 979; after 1 979) . An 
analysis of variance was performed to test for a 




CHAPTER I V  
RESULTS AND D I SCUSS I ON 
Resu l ts 
statistical analyses examined the 
relationships between bone mineral density (BMD), age, and 
gender for the total sample of tamarins (n=69) (Figure I V. I ). 
The results of the analysis of varfance C ANOVA) performed for 
this purpose indicate a statistically signfffcant negative 
correlation (-0. 0002) between BMD and age (p=0. 02639) (see 
Appendix C for complete ANOVA results). Application of the 
bootstrap technique resulted in the same correlation 
coefficient within a 951. confidence .interval as that observed 
from the ANOVA (Table I V. I ). Although no sexual dimorphism is 
observable in the maximum femoral length or bone width, gender 
does have a significant effect on BMD for the total sample 
(951. C l ) (Table I V. I ). 
Table I V. I .  Results of statistical analyses performed on the 
total sample (n=69) for the age, sex, and BMD 
variables (bootstrapping). 














0. 2 5  
. 
0. 2 . . . 
0. 1 5  





.. . . 
.. 













2 0 0  2 5 0  
F 1 gure I V. 1. Bone m i  nera 1 dens i ty by age for the tota 1 samp 1 e 
( n=69 ) . 
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Considering the strong effect of sexua l dimorphism on 
BMD, in that the tota l ma l e  samp l e  has l ower BMD than the 
tota 1 fema 1 e samp 1 e, the effects of age on BMD were then 
examined separate l y  for the two samp l es (Figure IV. 2; F i gure 
IV. 3). Age was regressed against BMD for the male sample. A 
negat f ve corre l ation between BMD and age resu l ted, which is 
not considered to be significant at the 0. 05 l eve l (p=0. 057) 
{ see Appendix C for comp l ete resu l ts). However, app l ication 
of the bootstrap resulted f n  the same negative corre l ation 
coefficient, which is statistically significant within the 951. 
conf i dence interva l { Tab l e  IV. 2). 
Tab l e  IV. 2. Resu l ts of BMD regressed on age in the ma l e  
and fema l e  samp l es { bootstrapping). 
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-0. 0001 8 
-0. 0001 5 
C l  
951. 
951. 
Age was regressed aga f nst BMD for the fema 1 e tamar in 
samp 1 e. A stat i st i ca 1 1 y non-significant, negative corre 1 at ion 
a l so resulted (p=0. 156) (see Appendix C for complete results). 
However, th f s  negat f ve corre l ation was a l so found to be 
signif f cant within a 95,. confidence f nterva l when ut f l f z f ng 
the bootstrap technique (Tab l e  IV. 2). 
The re l ationship between reproductive status ( NOFF), and 
BMD, relative to age for the fema l e  tamarin sample Cn=38) was 
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Figure I V. 2 .  Bone minera l density by age �or the male sample 
(n=3 1) . 
57 
0.3  
0 . 2 5  
M 0 . 2  










0 .  1 --+-----r------,------r-----r-----' 
0 50 100 1 5 0  2 0 0  
AGE 
F i gure I V. 3. Bone mineral dens fty by age for the female 
samp l e  (n=38). 
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2 5 0  
exam i ned ( F i gure  I V . 4 ;  f i gure I V . 5 ;  F i gure I V . 6 ) . A t -t e st 
wa s f i r st performed to te st the d i fferenc e i n  mean ages 
between non-r eproduc i ng and reproduc i ng fema l e s .  These  t wo 
groups were found to have s i gn i f i cant l y  d i fferent mean ages 
( p= 0 .0 0 0 1 ) .  I n  order to accurate l y  dete rm i ne the effect of 
reproduct i ve status on BMD , the fema l e  samp l e wa s s eparated 
i nto two treatment groups : ( 1 )  non-r eproduc i ng fema l e s 
( NOFF = O ) , and ( 2 )  reproduc i ng fema l e s ( NOF F = l ) .  An ana l ys i s  
of covar i ance ( ANOCOVA) wa s then performed f n  orde r 
to determ i ne the re l at i onsh i p  between BMD and the covar i ate , 
age , re l at i ve to the treatment var i ab l e ,  NOF F . The r e s u l t s of 
th i s  ana l ys i s  i nd i cate a s i gn i f i cant i nt eract i on of 
r eproduct i ve statu s w i th age re l at i ve to BMD i n  the  fema l es 
( p� 0 . 0 0 7884 ) ( s ee Append i x  C for comp l ete resu l ts ) . The 
s i gn i f i cant i nteract i on of r eproduct i ve status  w i th age 
re l at i ve to BMD may be m i s l ead i ng beca u s e  the treatment and 
the covar i ate  a r e  dependent var i ab l e s .  A l l o f  t he an i ma l s  
w i th i n  t he upper age range ( > 1 5 0 months )  had produced at l ea st 
one offspr i ng.  Thu s , ther e wa s no samp l e  r epresentat i on for 
NOF F = O  for the o l der fema l e  tamar i ns .  To accurate l y  determ i ne 
the d i fference i n  BMD  w i th age between the reproduc i ng and 
non-r eproduc i ng fema l es ,  each treatment group was ana l yzed 
separate 1 y u s i ng the bootstrap techn i que . Th 1 s ana 1 ys  i s  
resu l ted i n  a negat i ve corr e l at i on between BMD and age wh i ch 
i s  stat i st i ca l l y  s i gn i f i cant w i th i n  a 95i conf i dence i nterva l 
for the r eproduc i ng fema l e s ( Tab 1 e I V .  3 )  . A stat i st i ca l 1 y 
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the non-reproduc i ng fema l es using the bootstrap technique as 
we l l  ( 95\C I ) ( Tab l e I V . 3) .  Thus, using the 95i confidence 
interva l ,  a decrease fn BMD with age fs observab l e  fn the 
reproducing females, whi l e  an increase is exhibited in the 
non-reproducing fema l es .  
Tab l e  I V . 3 .  Resu l ts of the ana l yses performed to test the 
re l ationship between BMD and and age re l ative to 
reproductive status ( NOFF) in the female tamarin 
samp l e  ( bootstrapping) . 
DEP VAR = BMD 
SAMPLE 
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Changes in the dai l y marmoset and tamarin diet in 1 979 
provided increased l eve l s  of protein, vitamin A, and vitamin 
D ( Tardif, persona l communication, 1 990) . The effects of this 
dietary change, re l ative to possib l e  differences in BMD 
between those anima l s  which died before 1 979, and those which 
died after 1 979, were then examined . Thus, death tfme is a 
dichotomy ind i cat 1 ve of pre- and post- 1 979 death . The 
stat I st I ca 1 ana 1 yses performed resu 1 ted 1 n a s 1 gn if I cant 
corre l ation between death tfme and BMD for the tota l tamar f n  
samp l e  ( p <0 . 000 1 )  ( Tab l e  I V . 4) .  
A sign i ficant fnteractfon of death time w f th gender was 
observed . Cons i dering that the tota l ma l e  samp l e  died before 
1 979 , the s 1 gn 1 ficant corre l ation between death time and BMD 
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f s most 1 f ke 1 y due to th f s sf gn ff" f cant f nteract f on. · The 
f"emale sample . however . conta i ns 18 an i mals wh i ch d i ed before 
1979, and 20 animals which died af"ter 1979. Theref"ore, an 
ANOVA was perf"ormed on the f"emale sample alone to determine 
the effect of death t ime on BMD. The results of th i s  ana l ys i s  
do not ind i cate a s i gn if icant re l at i onsh i p between death t ime 
and BMD (Table I V.4 ) . 
Table I V.4 . Results of" the ANOVA and ANOCOVA perf"ormed i n  
order to test the eff"ects of" death time on BMD. 








DT I ME 
SEX*DT I ME 
AGE 
DT I ME 






See Appendix C f"or complete results. 





0 . 087638 
0. 253342 
In summary . a slgnff"fcant decrease In bone mineral 
densfty with age was observed f"or the total sample of" saddle­
back tamarlns. Gender was shown to have a strong ef"Fect on 
bone mineral density relative to age as well , w ith Females 
hav f ng h I gher BMD than the ma 1 es. 
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The ma 1 e and f"ema 1 e 
samples, analyzed separately, both exhibit a signiricant 
decrease in bone mineral density with age. The negative 
correlation observed in the males is slightly stronger than 
that observed in the remale sample. 
Reproduct f ve status was shown to have a sign i ri cant 
errect on bone mi nera 1 density re 1 at i ve to age . A signif i cant 
increase in bone mineral density with age is observable in the 
non-reproducing remales. The reproducing remales, however, 
exhibit a sfgnfricant decrease fn bone mineral density with 
age. I t  is apparent that the male tamarins start out wfth 
less bone mineral, and lose more bone mineral as age 
increases, when compared to the total female sample. This i s  
most likely due to the signir 1cant increase fn bone mineral 
density with age in the non-reproducing females . In assessing 
the reproducing remales separately, a sfgnfrfcant loss, as 
well as a raster rate or loss, in bone mineral density is 
observable when compared to the male sample . Although the 
negative correlations between age and BMD observed f n the 
total sample, the males, and the 
reproducing rema l es are statistically signiricant, they are 
not considered to be strong corre l ations when compared to bone 
loss in Old World monkeys and humans. 
Considering the results provided by the ana 1 yses, a 
pr imary question must be addressed : Do the results rerlect 
the condit t on or the saddle-back tamar t n  populat t on outside 
the sample and methods utilized for the ske l etal analysis? In 
address i ng this question , there are several factors which may 
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have affected the results produced by th f s  research. These 
factors f nc 1 ude : ( 1) the s f  ng 1 e bone, and s f  ng 1 e s f  te 
selected for the measurement of bone mineral density , ( 2) the 
use of a s f  ng 1 e measurement ( BMD) as the determinant for 
skeletal status, and (3) sample s f ze. 
The femur and mid-shaft were selected as the bone and 
site to be ut i 1 i zed for the ana 1 ys is of ske 1 eta 1 status 
pr1mar11 y because of the small s f ze of the tamar f n  skeleton. 
It was questionable as to how much accuracy the densitometer 
ut i 1 i zed wou 1 d provide, when scanning extreme 1 y sma 1 1 ske 1 eta 1 
material. Thus, it was felt necessary to utilize the largest 
bone, as well as the largest area on that bone, to ensure the 
accuracy of the scans made by the densitometer, as wel 1 as the 
correct interpretat f on of the individual measurements 
resulting from these scans. Cons f der f ng that bone loss is 
greater f n  trabecular areas than the cortex f n  premenopausal 
human females, alternate bones, and/or s f tes, such as the 
f nnom f nate, rad f us, ulna, vertebrae, metacarpal, and/or the 
femoral neck region, may exhibit differential loss. The loss 
t n  these elements and/or s f tes may suffer greater bone loss 
with age than that detected f n  the femoral cortex. In 
add f t  f on, h f  sto 1 og i ca 1 and rad f ograph f c ana 1 yses may a 1 so 
provide a more detailed account of skeletal changes with age 
than that detected by bone mi nera 1 dens f ty measurements. 
Last 1 y ,  one must consider that th f s is a cross-sect i ona 1 
analysis of a small sample. There were many criteria, wh f ch 
were cons i dered necessary for an initial project such as this, 
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which had limiting effects on the final sample selected . A 
1 ong i tud I na 1 study, consisting of a 1 arger samp 1 e of 1 i ve 
animals pooled with skeletal material would most 1 ikely 
provide a more accurate assessment of changes in bone with age 
utilizing the photon absorptiometry technique. 
I f  the resu 1 ts at hand are considered to ref 1 ect the 
condition relative to bone loss with age in the saddle-back 
population, the ut fl fty of a tamar fn model for the study of 
bone loss with age in humans should be assessed . Pope et a l .  
(1 989) suggest that the rhesus monkey provides a good model 
for the study of osteoporosis in humans, in that bone loss 
occurs w ;  th age, para 1 1 e 1 i ng the human condition . The humerus 
was se 1 ected as the 1 ong bone to be ut I 1 i zed for this 
research. The bone mi nera 1 density measurements obtained from 
the rhesus humeri by Pope et al� (1 989) are greater in males 
and f ema 1 es than that observed in the sadd 1 e-back tamar in 
femora. Considering the differences in biomechanical stress, 
bone size, and the methods ut fl fzed between the two stud i es, 
ft fs r fsky to compare the results observed fn the rhesus 
monkeys to those observed fn the tamar 1 ns. However, a more 
highly significant decrease in bone mineral density with age 
fs apparent fn the rhesus monkeys across all bone elements 
utilized fn the study conducted by Pope et al. ( 1989) than 
that observab 1 e in the tamar ins. Factors which may contribute 
to this will be discussed fn the following paragraphs. 
Marmosets and tamar ins exh i b f  t a post-partum estrus, 
whereby they may become pregnant wh i 1 e 1 actat i ng. Humans, and 
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other mammals such as rats, exhibit increased bone mass during 
pregnancy, and subsequent bone loss during lactation. 
Simultaneous pregnancy and lactation observable in tamarins 
may have a protective effect against a greater degree of bone 
loss than that which was observed . Brommage and Deluca ( 1 985 ) 
observed no difference relative to bone loss in rats which 
were simultaneously pregnant and lactating, and those which 
were lactating a l one. However there are limitations 
associated with the utilization of a rat model. I n  general , 
rats do not reproduce like primates relative to the 
reproductive life span and the number of offspring produced. 
Thus, the effects of simultaneous pregnancy and lactation on 
bone loss should be assessed in the non-human primate model. 
The effects of the high degree of offspring investment 
sharing, exhibited by marmosets and tamarins should be 
assessed. Helping strategies have an effect upon the 
reproductive success of both the dominant reproducing female 
and the subordinate non-reproducing fema 1 es within an extended 
group of tamar ins. Considering that the samp 1 e used was 
obtained from a controlled environment where sexually mature 
fema 1 es are removed from the area in which the dominant 
reproducing female is· maintained , it is apparent that a high 
reproductive rate in al 1 of the samp 1 e f ema 1 es wou 1 d be 
maintained. Skeletal status wfthfn extended groups of 
tamarins under conditions whfch parallel the natural, free­
ranging socfal structure , would possibly provfde different 
results. However, consfdering - that the most significant bone 
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l oss wou l d  be expected to occur during l actation , which is not 
i ncl uded in the he l ping strategies exhibited in marmosets and 
tamar i ns, it is doubtfu l that study of an extended group woul d 
prov i de d i fferent resul ts. 
Evo 1 ut i onary adaptat i ons i n  response to a high cost­
benef i t  reproductive strategy shou l d  be considered. These may 
i ncl ude possib l e  accumu l ation of bone minera l stores , he l ping 
strateg i es, and h f  gh 1 eve 1 s of c i rcu 1 at i ng free stero 1 ds 
exh f b i  ted in New Wor 1 d monkeys . Of these, the most important , 
as we l l as the most eas i l y testab l e ,  is the steroid condition . 
I t  has been reported that New Wor l d monkeys in genera l 
ma i nta f n  l eve l s  of circu l ating steroids that are 6 to 2 0  times 
h i gher than that observabl e i n  O l d  Worl d anthropo i ds ( Hearn, 
1983 ; Knob f 1 and Hotchk i s s, 1 988 ) • Marmosets and tamar i ns 
ma i nta i n  h 1 gh 1 eve l s  of estrogen and progesterone dur 1 ng 
pregnancy, as do apes and humans, wh i l e  Ol d Worl d monkeys do 
not ( Aust i n, 1978 ) .  I n  add i t i on, moderate l evel s of pl asma 
progesterone and urinary oestrone-g 1 ucuron i de are exh i b 1 ted in 
ol der, anovul atory tamar i ns, and not f n  other pr i mates ( Tardif 
and Zieg l er, in press ) . I t  is possib l e  that these high l eve l s  
of stero f ds prov i de a protect f ve effect aga f nst a greater 
degree of bone l oss. 
I n  concl us i on, bone l oss occurs w i th age f n  sadd l e-back 
tamar f ns. I n  add i t i on, f t  f s  apparent that reproduct i on has 
a significant effect on increased bone l oss with age in fema l e 
saddl e-back tamar 1 ns .  The cond f t 1 on observabl e f n  these New 
Wor l d  monkeys , rel ative to bone l oss with age , paral l e l s  that 
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observed fn humans, as well as Old World non-human primates. 
Although bone loss with age does not appear to be as strongly 
s fgn ff fcant as that observable in the rhesus monkeys utilized 
for the research conducted by Pope et al. (1 989), the trend 
toward bone loss w fth age in tamar fns wh fch paralle l s  the 
rhesus cond ft f on shou 1 d not be f gnored. Marmosets and 
tamarins provide an animal model wh i ch is intermediate between 
rats and 01 d Wor 1 d anthropo 1 ds re 1 at f ve to the number of 
offspring produced and the length of the l ffe span. Thus, a 
l ong ftud fnal study would seem more feasible us fng a marmoset 
or tamar in mode 1 . Marmosets and tamar ins a 1 so provide a mode 1 
that f s more s i m f 1 ar to apes and humans than O 1 d Wor 1 d 
monkeys, fn that they maintain high levels of progesterone and 
estrogen during pregnancy ( Aust f n, 1 978) . A 1 ong i tud f na 1 
study concerning bone loss with age in the marmoset or tamarin 
should be conducted to determine ff these New World monkeys 
would provide an appropr i ate model ror the study or bone loss  
w fth age relative to reproduction in human females. 
Particularly relative to reproductive effects on bone l oss 
w fth age in fema l es, it is suggested that further research be 
conducted concerning lactational data, as wel 1 as the errects 
of high 1 eve ls of stero f ds. 0-F great f mportance are the 
effects or lactational variables, such as duration, frequency, 
the length of s i multaneous pregnancy and lactat i on, and the 
length of fnter-lactat fonal intervals. These i ntervals are 
possfb l e  recovery per i ods ror remale mineral homeostasis. It 
fs necessary that changes fn variables such as these 
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throughout the life span be recorded and analyzed in order to 
accurate l y  compare the effects of lactation on skeletal status 
in tamarins to the skeletal costs of lactatfon observable in 
humans . Lastly, it is suggested that research be conducted 
concerning histology, in addition to the assessment of 
d i fferentfa l loss which may be occur ring in cortical as well 
as trabecular bone . 
7 1  
CHAPTER V 
SUMMARY 
Th f s thes f s has exam f ned the age-re 1 ated effects of 
reproduction on bone mineral densfty in saddle-back tamarfns 
( Sagu 1 nus fuse f co 1 1 1 s, Ca 1 1  i tr f ch f dae, Pr f mates) . The Oak 
Ridge Assoc i ated Un i vers i t i es Marmoset Research Center 
(MARCOR) marmoset and tamarfn life history database was used 
to obta i n  i nformat i on concern i ng spec i es, gender, age, and 
reproduct i ve status of i nd i v i dual tamar i ns w i thin a sample 
conta i n i ng 3 1  males and 38 females. The skeletal material 
ut i 1 f zed for this thesis research is curated by the UTK, 
Department of Anthropo 1 ogy. Bone mi nera 1 dens i ty was measured 
for each spec i men at the m i d-shaft of the r i ght femur us i ng 
s i ngle photon absorpt i ometry. 
var f ance, and "bootstrapping" 
Simple stat i stics, analyses of 
were performed f n order to 
determ i ne the statist i cal relat i onships between bone mineral 
density, age, gender, and reproduct i ve status in the total, 
male, and female tamarin samples. 
A s i gnif i cant decrease i n  bone m i neral dens i ty w i th age 
is observab 1 e in the tota 1 tamar i n  samp 1 e. When compar i ng the 
total male and total female samples, the decrease fn bone 
mineral density with age in the males appears to be greater 
than that observable in the females. An explanation for th i s  
is provided when the females are examined according to 
reproductive status. The non-reproducing females exhibit a 
sf gn i ficant increase in bone m i neral dens i ty w i th age. On the 
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other hand, a significant decrease in bone mineral density is 
observable in the reproducing female tamarins. Thus, it is 
concluded that the males are starting out with less bone, and 
losing bone at a faster rate when compared to the total female 
sample. However, the reproducing females exhibit a 
significant loss, as well as a faster rate of loss than the 
males. 
Although the negative correlation between bone mineral 
density and age in the total, male, and reproducing female 
samples is significant within the 95� confidence interval, it 
is not considered as strong as that observable in Old World 
anthropoids. However, the general trend toward a decrease in 
bone mineral density with age exhibited by the total tamarin 
sample does parallel the condition observable in Old World 
monkeys and humans. 
Hf sto log f cal and radiographic analyses of additional 
skeletal elements, as wel 1 as densitometry analysis of 
trabecular bone may illustrate even greater bone loss with age 
than that observed. I n  addition, it is suggested that 
long i tudinal studies be conducted 1 n  order to determ i ne the 
differences between reproducing females in bone mineral 
density at different stages of reproduction and lactation. 
Considering that al 1 of the females within the older age range 
had reproduced, there was no sample representation for older 
non-reproducing 'fema 1 es . Thus, it f s a 1 so suggested that bone 
mineral densitometry analysis be performed on a sample of age­
matched reproducing and non-reproducing females to determine 
7 3  
f f  the decrease w f th age f n  the reproducing females f s  simply 
an art i fact of age as opposed to reproduct i ve status . 
I f  the results at hand reflect the cond f t f on of the 
saddle-back tamar f n  populat i on, the weak ( although 
s f gn f ficant ) negative correlation between bone mineral density 
and age must be addressed . Considering that New Wor 1 d monkeys 
have much higher levels of c i rculat i ng stero i ds than do Old 
Wor 1 d anthropoids, the re 1 at f onsh f p between hormones and 
skeletal homeostas i s  should be addressed . I t  is possible that 
these h f  gh 1 eve 1 s of stero f ds, spec 1 f 1 ca 1 1 y estrogen and 
progesterone, may provide protect f ve effects against a greater 
degree of bone loss than that detected in the tamarins . Thus, 
i t  is suggested that hormona l data be correlated with bone 
m i neral density in non-reproducing females, as well as during 
pregnancy and lactat i on f n  reproduc i ng female tamar f ns .  
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APPEND I CE S  
APPEND I X  A 
RAW SAMPLE DATA 
Table A. 1. Raw data for the total tamarin sample (n=69 ) 
I D# AGE SEX AVGE TTL# TTL# REPROD 
BMD L I TTERS SURV STATUS 
OF FSPR I NG 
1 85 5  1 92 f . 2 1 2  9 1 7  1 
1 902 1 04 f . 20 1  1 2 1 
1 9 1 0  1 48 f • 1 68 3 5 1 
1 9 1 1 82 f . 2 5 5  0 0 0 
1 93 4  1 32 f . 2 59 0 0 0 
2003 1 20 f • 1 74 1 1 1 
2020 245  f . 2 1 6  5 7 1 
2024  2 1 7 f • 1 77 0 0 1 
2074 1 33 f • 1 76 5 9 1 
228 1 1 3 5 f . 22 2  0 0 1 
23 1 8  1 5 5 f • 1 69 1 2  2 1  1 
242 1 1 1 7 f . 259 3 3 1 
2492 9 1  f . 283 8 1 3  1 
2499 69 f . 2 52 7 1 2  1 
2537  1 23 f • 1 84 5 6 1 
2585 64 f . 22 4  0 0 0 
2630 1 20 f . 233  0 0 0 
2645 62 f • 1 96 0 0 0 
2657 74 f • 1 95 4 7 1 
266 1 65 f . 2 55  1 2 1 
2679 1 2 1  f . 22 1  7 1 2  1 
272 1 2 5  f . 2 57 0 0 0 
2742 75 f . 23 5  0 0 0 
2744 62 f . 272 8 1 5  1 
2748 75 f • 1 93 . 2 4 1 
2783 3 7  f . 200 0 0 0 
2795 2 1  f • 1 84 0 0 0 
287 1 20 f • 1 93 0 0 , 0 
2928 60 f . 23 2  1 1 1 
3 487 1 50 f . 2 43 2 2 1 
3602 1 9  f . 203 0 0 0 
3704 60 f . 209 0 0 0 
3743 69 f . 290 0 0 0 
39 1 9  69 f . 274  0 0 0 
4 1 88 40 f • 2 1  1 0 0 0 
4279 33  f . 248 0 0 0 
43 1 0  84 f . 254  0 0 0 
4683 69 f . 24 5  0 0 0 
0647 1 03 m . 205 
1 573 77 m . 20 1  
1 1 9 1  1 09 m • 1 75 
1 40 1  27 m . 206 
26 1 1  60 m • 1 84 
3 562 37 m • 1 92 
1 837 1 63 m • 1 50 
90 
Tab l e  A. 1 ( cont. ) . 
I D# AGE SEX AVGE TTL# TTL# REPROD 
BMD L I TTERS SURV STATUS 
OF FSPR I NG 
1856 155 m • 155 
3355  68 m • 184 
0799 180 m .212 
1553  70  m • 163 
2709 48 m • 185 
2631 72  m . 2 07 
0664 103 m • 173 
156 0  76  m • 190 
1795 140 m • 180 
1567 22 m .215 
1140 116 m • 174 
1575  55  m .267 
0817 161 m • 176 
0806 156 m • 191 
080 5  163 m • 142 
1889 113 m .202 
1412 90 m • 165 
2530  91 m .215 
392 5 19 m .167 
0643 126 m • 194 
2301 12 0 m .2 08 
1118 64 m • 194 
1791 119 m • 173 
1138 11 o m • 181 
( For reproduct i ve status, O=no pregnanc i es ;  l =one or 
more pregnanc i es )  
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APPEND I X  B 
S I MPLE STAT I ST I CS 
THE FOLLOWING RESULTS ARE FOR : 
SEX MALE 
TOTAL OBSERVATIONS : 3 1  
AGE AVEBMD FEMLEN BMC BW 
N OF CASES 1 2  3 1  3 1  3 1  3 1  
MINIMUM 19 . 0 0 0  0 . 1 4 2  4 3 . 6 3 0  0 . 0 5 6  0 . 3 5 6  
MAXIMUM 1 6 3 . 000  0 . 2 6 7  67 . 2 9 0  0 . 1 1 3  0 . 4 8 9  
MEAN 8 0 . 667  0 . 18 8  59 . 6 0 2 0 . 07 7  0 . 4 07 
STANDARD DEV 4 8 . 50 9  0 . 02 4  4 . 17 3  o .  0 1 1  0 . 03 1  
THE FOLLOWING RESULTS ARE FOR : 
SEX FEMALE 
TOTAL OBSERVATIONS : 3 8  
AGE AVEBMD FEMLEN BMC BW 
N OF CASES 3 8  3 8  3 8  3 8  3 8  
MINIMUM 1 9 . 0 0 0  0 . 1 6 8  3 7 . 8 2 0  0 . 0 6 7  0 . 3 6 2  
MAXIMUM 2 4 5 . 0 0 0  0 . 2 9 0  6 6 . 2 4 0  0 . 13 1  0 . 5 17 
MEAN 9 3 . 07 9  0 . 2 2 3  5 9 . 37 6  0 . 09 3  o .  4 18 
STANDARD DEV 5 3 . 657  0 . 03 4  S . 4 9 2  0 . 0 1 6  0 . 03 2  
93 
THE FOLLOWING RESULTS ARE FOR : 
MALES 
TOTAL OBSERVATIONS : 3 1  
FEMLEN BMC BW 
N OF CASES 3 1  3 1  3 1  
MINIMUM 4 3 . 6 3 0000 0 . 0 5 6 2 5 0  0 . 3 5 6 000  
MAXIMUM 67 . 2 9 0000  0 . 1 1 2 7 50 0 . 4 8 9 0 0 0  
MEAN 59 . 6 0 19 3 5  0 . 07 664 5 0 . 4 0 6 8 87 
STANDARD DEV 4 . 17 3 4 0 2  0 . 0 1 07 0 1  0 . 0 3 0 9 3 9  
THE FOLLOWING RESULTS ARE FOR : 
SEX Females , no offspring 
TOTAL OBSERVATIONS : 1 8  
FEMLEN BMC BW 
N OF CASES 18  18 18  
MINIMUM 3 7 . 8 2 0000  0 . 073 500  0 . 3 6 15 0 0  
MAXIMUM 6 6 . 2 4 0 000 0 . 1 3 12 5 0  0 . 5 1 6 5 0 0  
MEAN 5 8 . 52 8 3 3 3  0 . 0952 3 6  0 . 4 09 3 4 7  
STANDARD DEV 6 . 9 0 7 1 9 8  0 . 0 1 6 2 2 5  0 . 03 7 3 5 3  
THE FOLLOWING RESULTS ARE FOR : 
SEX = Females (with offspring) 
FEMLEN BMC BW 
N OF CASES 2 0  2 0  2 0  
MINIMUM 50 . 6 60000  0 .  0 6 7 2 5 0  0 . 3 7 8 000  
MAXIMUM 6 6 . 1 6 0000  0 . 1 2 3 2 50 0 . 4 7 7 0 0 0  
MEAN 6 0 . 1 3 9 5 0 0  0 . 0 9 1 8 8 8  0 . 4 2 64 5 0  
STANDARD DEV 3 . 8 4 0 3 4 6  0 . 015805  0 . 0 2 5 6 5 0  
94 
BMD 
3 1  
0 . 14 3 1 3 0  
0 . 2 6 8 2 9 3  
0 . 1 8 8 6 59 
0 . 02 4 2 52 
BMD 
18  
0 . 1 8 4 9 0 6  
0 . 2 9 1 8 2 2  
0 . 2 3 2 3 17 
0 . 0 3 09 15 
BMD 
2 0  
0 . 1 6 8 4 4 1  
0 .  2 8 3 4 9 6  
0 . 2 1 5752  
0 . 0 3 6 65 3  
THE FOLLOWING RESULTS ARE FOR : 
Ma le , early 
TOTAL OBSERVATIONS : 3 1  







THE FOLLOWING RESULTS ARE FOR : 
Female , early 
TOTAL OBSERVATIONS : 18  







0 . 000000  
2 1 . 000000  
4 .  6 1 1 1 1 1  
6 . 5 9 8 9 2 0  
THE FOLLOWING RESULTS AR E  FOR : 
Fema le , late 
TOTAL OBSERVATIONS : 2 0  






2 0  
0 . 000000  
1 7 . 000000  
2 . a ooooo 
4 . 652 108  
FEMLEN 
3 1  
4 3 . 6 3 0000 
67 . 2 9 0000 
59 . 6019 3 5  
4 . 17 3 4 02 
FEMLEN 
18 
4 7 . 090000  
6 6 . 2 4 0000 
60 . 3 00556  
5 . 2 7 3 0 2 1  
FEMLEN 
2 0  
3 7 . 8 2 0000  
6 6 . 1 60000  
58 . 5 4 4 500  
5 . 68457 6 
95 
BMC 
3 1  
0 . 0 5 6 2 5 0  
0 . 1 1 2 7 5 0  
0 . 07 6 6 4 5  
0 . 0 1 0 7 0 1  
BMC 
18  
0 . 0 7 3 5 0 0  
0 . 1 2 3 2 5 0  
0 . 09 2 8 19 
0 . 0 16 7 4 1 
BMC 
2 0  
0 . 0 6 7 2 5 0  
0 . 1 3 1 2 5 0  
0 . 0 94 06 3  
0 . 0 1 5 4 7 2  
BW 
3 1  
0 . 3 5 6 0 0 0  
0 . 4 8 9 0 0 0  
0 . 4 0 6 8 8 7  
0 . 0 3 0 9 3 9  
BW 
1 8  
0 . 3 61 5 0 0  
0 . 4 7 7 0 0 0  
0 . 4 2 2 05 6  
0 . 0 3 0 0 1 7  
BW 
2 0  
0 . 3 6 5 0 0 0  
0 . 5 1 6 5 0 0  
0 . 4 15 0 1 3  
0 . 03 4 9 4 7  
BMD 
3 1  
0 . 1 4 3 1 3 0  
0 . 2 68 2 9 3  
0 . 1 8 8 659  
0 . 0 2 4 2 52 
BMD 
18  
0 . 1 69 3 15 
0 . 2 8 3 4 9 6  
0 . 2 2 00 2 0  
0 . 0 3 67 0 6  
BMD 
2 0  
0 . 1 68 4 4 1  
0 . 2 9 18 2 2  
0 . 2 2 68 2 0  
0 . 0 3 3 2 6 9  
THE FOLLOWING RESULTS ARE FOR : 
Male , early 
TOTAL OBSERVATIONS : 3 1  







THE FOLLOWING RESULTS ARE FOR : 
Female , early 
TOTAL OBSERVATIONS : 1 8  







0 . 000000  
2 1 . 000000  
4 . 6 1 1 1 1 1  
6 . 5989 2 0  
THE FOLLOWING RESULTS AR E  FOR : 
Female , late 
TOTAL OBSERVATIONS : 2 0  






2 0  
0 . 000000  
1 7 . 000000  
2 . 8 00 0 0 0  
4 . 652 108  
FEMLEN 
3 1  
4 3 . 6 3 0000  
6 7 . 2 9 0000  
5 9 . 6 0 19 3 5  
4 . 17 3 4 02 
FEMLEN 
1 8  
4 7 . 090000  
6 6 . 2 4 0 000 
6 0 . 3 00 5 5 6  
5 . 2 7 3 0 2 1  
FEMLEN 
2 0  
3 7 . 8 2 0000  
6 6 . 160000  
58 . 54 4 5 0 0  
5 . 684576  
96 
BMC 
3 1  
0 . 0 5 6 2 5 0  
0 . 1 1 2 7 5 0  
0 . 07 6 6 4 5 
0 . 0 1 0 7 0 1  
BMC 
1 8  
0 . 0 7 3 5 0 0  
0 . 1 2 3 2 50 
0 . 0 9 2 8 1 9  
0 . 0 1 67 4 1  
BMC 
2 0  
0 . 0 6 7 2 5 0  
0 . 1 3 12 50 
0 . 0 9 4 0 6 3  
0 . 0154 7 2  
BW 
3 1  
0 . 3 5 6 00 0  
0 . 4 8 9 00 0  
0 . 4 0 6 8 8 7  
0 . 0 3 0 9 3 9  
BW 
1 8  
0 . 3 6 15 0 0  
0 . 4 7 7 0 0 0  
0 . 4 22 05 6  
0 . 0 3 0 0 17 
BW 
2 0  
0 . 3 6 5 0 0 0  
0 . 5 1 6 5 0 0  
0 . 4 15013  
0 . 0 3 4 9 4 7  
BMD 
3 1  
0 . 1 4 3 1 3 0  
0 . 2 58 2 9 3  
0 . 188 659 
0 . 0 2 4 2 5 2  
BMD 
18 
0 . 1 6 9 3 1 5  
0 . 2 8 3 4 9 6  
0 . 2 2 0020  
0 . 0 3 6 7 0 6  
BMD 
2 0  
0 . 1 6 8 4 4 1  
0 . 2 9 1 8 2 2  
0 . 2 2 68 2 0  
0 . 0 3 3 2 69 
THE FOLLOWING RESULTS ARE FOR : 
SEX MALE 
TOTAL OBSERVATIONS : 3 1  
AGE AVEBMD FEMLEN BMC BW 
N OF CASES 12  3 1  3 1  3 1  3 1  
MINIMUM 19 . 000  0 . 14 2 4 3 . 6 3 0  0 . 0 5 6  0 . 3 5 6  
MAXIMUM 1 63 . 000  0 . 2 67 67 . 2 9 0  0 . 1 1 3  0 . 4 8 9 
MEAN 8 0 . 6 67 0 . 1 8 8  59 . 6 02 0 . 07 7  0 .  4 07 
STANDARD DEV 4 8 . 5 09  0 , 02 4  4 . 17 3  0 . 0 1 1  0 . 0 3 1  
THE FOLLOWI NG RESULTS ARE FOR : 
SEX FEMALE 
TOTAL OBSERVATIONS : 3 8  
AGE AVEBMD FEMLEN BMC BW 
N OF CASES 3 8  3 8  3 8  3 8  3 8  
MINIMUM 19 . 000  0 . 1 6 8  3 7 . 8 2 0  0 . 067  0 . 3 6 2 
MAXIMUM 2 4 5 . 000  0 . 2 9 0  6 6 . 2 4 0  0 . 13 1  0 . 517 
MEAN 9 3 . 07 9  0 . 2 2 3  59 . 3 7 6  0 . 09 3  0 . 4 1 8  
STANDARD DEV 5 3 . 657  0 . 03 4  5 . 4 9 2  0 . 0 1 6  0 . 03 2  
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APPEND I X  C 
ANOVA AND ANOCOVA STAT I ST I CS 
OEP VAR : BMO N :  
AO.JUSTED SQUARED MULTI PLE 
VARIABLE COEFFICIENT 
CONSTANT 0 . 1 7 5 6 0 2  
AGE - 0 . 0002 19 
SEX 0 . 0 3 104 7 
SEX *  
AGE 0 . 0 0 0 0 3 4  
SOURCE SUM-OF-SQUARES 
REGRESSION 0 . 0 2 5 3 8 2 
RESI DUAL 0 . 057 4 7 7  
DEP VAR : BMD N :  








COEFFI CI ENT 
0 . 1 7 03 07 
-0 . 0 0 0164  
0 . 0 3 4 2 6 6  
SUM-OF-SQUARES 
0 . 0 2 53 3 8  
0 . 0 57 5 2 1  
R :  
R :  
6 9  MULTI PLE R :  . 5 5 3  SQUARED MULTIPLE R :  . 3 06  
. 2 7 4  STANDARD ERROR OF ESTIMATE : 0 . 02 9 7 3 7  
STD ERROR STD COEF TOLERANCE T P ( 2 TAIL)  
0 . 02 7 4 8 2  0 . 0 0 0 0 0 0  6 . 3 8 9 6 9  0 . 00000  
0 . 0002 57 -0 . 3 1 14 56  0 . 07 9 6 2 6 4  - 0 . 8 5 075  0 . 3 9 8 0 3  
0 .  0 1 6 1 3 1 0 . 4 4 5 6 5 9  0 . 1 9 9 0 5 2 7  1 . 9 2 4 7 1  0 . 058 64  
0 . 000151  0 . 0 9 2 17 9  0 . 06 2 4 4 7 6  0 . 2 2 2 9 8  0 . 8 2 4 2 5  
ANALYSIS OF VARIANCE 
OF MEAN-SQUARE F-RATI!) p 
3 0 . 008 4 6 1  9 . 567 8 7 5  0 . 00002 6 
65 0 . 000884  
69  MULTI PLE R :  . 55 3  SQUARED MULTIPLE R :  . 3 0 6  
. 2 8 5  STANDARD ERROR OF ESTIMATE : 0 . 0 2 9 5 2 2  
STD ERROR STD COEF TOLERANCE 
o .  013 7 3 8  0 . 0 0 00 0 0  
0 . 00007 2 -0 . 2 3 3 1 4 7  0 . 9 9 8 27 9 7  
o .  007 1 5·1 0 . 4 9 1 8 5 6  0 . 9 9 8 2 7 9 7  
ANALYSIS O F  VARIANCE 
OF MEAN-SQUARE F-RATIO 
2 
6 6  
0 . 0 1 2 6 6 9  
0 . 000872  
99 
14 . 5 3 6 2 4 8  
T P { 2  TAIL)  
. 12 E+02  
-2 . 2 7 1 3 5  
4 . 7 9 17 2  
p 
0 . 000000  
0 . 00000  
0 . 02 6 3 9  
0 .  00:0.Pj. 
DEP VAR : BMD N :  3 1  MULTIPLE R :  . 34 5  SQUARED MULTIPLE R :  . 1 1 9  








0 . 2 06 6 4 9  
-0 . 000 1 8 5  
SUM-OF-SQUARES 
0 . 002 097  
0 . 0 1 5 5 4 8  
STD ERROR 
0 . 0 1 0003 
0 . 00009 4 
STD COEF TOLERANCE T P ( 2  TAIL)  
0 . 000000 . 2 1E+02 0 . 0 0 0 0 (  
-0 . 3 4 4703  . l O O E+O l  - 1 . 977 4 8  0 . 057 5 € 
ANALYSIS OF VARIANCE 
OF MEAN-SQUARE F-RATIO p 
0 . 057 5 6 2  1 
2 9  
0 . 00209 7  
0 . 000536 
3 . 9 1 04 19 
�egress ion ot BKD on age in Pemales 
DEP VAR : BMO N: 38 MULTIPLE R :  . 23 5  SQUARED MULTIPLE R: . 0 5 5  





0 . 2 3 7 6 9 6  




0 . 00 2 4 4 4  
0 . 0 4 1 9 2 9  
STD COEF TOLERANCE T P ( 2 TAIL) STD ERROR 
0 . 011 197 
0 . 000105 
0 . 000000 . 2 1E+02  O . OOOOC  
-0 . 23 4 672 . lOOE+O l -1 . 4 4 8 4 8  0 . 1 5 6 1 4  
ANALYSIS O F  VARIANCE 
OF MEAN-SQUARE 
1 
3 6  
0 . 002444 
0 .  001165 
1 0 0 
F-RATIO 
2 . 098 1 07 
p 
0 . 15613 6 
OEP VAR : BMO N :  3 8  MULTIPLE R :  . 4 9 8  SQUARED MULTI PLE R :  . 2 4 8  
ANALYSIS O F  VARIANCE 
SOURCE SUM-OF-SQUARES OF MEAN-SQUARE F-RATIO p 
AGE 0 . 0004 60  1 0 . 0004 6 0  0 . 4 6 8 6 4 5  0 . 4 9 8 2 5 1  
NOF F 0 . 00 3 7 8 6  1 0 . 00 3 7 8 6  3 . 8 5 6 4 9 1  0 . 0 5 7 7 7 3  
NOFF* 
AGE 0 . 007 8 2 6  1 0 . 007 8 2 6  7 . 9 7 2 7 3 3  0 . 007 8 8 4  
ERROR 0 . 0 3 3 3 7 5  3 4  0 . 0009 8 2  
DEP VAR : BMD N :  3 8  MULTIPLE R :  . 2.67 SQUARED MULTIPLE R :  . 07 1  
ANALYSIS O F  VARIANCE 
SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO p 
AGE 0 . 000571  1 0 . 000 5 7 1  0 . 4 8 5 0 8 8  0 . 4 9 07 2 6  
NOFF 0 .  0007 2 7  1 0 . 0 0 0 7 2 7  0 . 6 1 7 5 5 6  0 . 4 3 7 2 4 5  
ERROR 0 .  0 4 1 2 02 3 5  o .  0 0 1 1 7 7  
1 0 1 
OEP VAR : BMO N :  6 9  MULTIPLE R :  . 57 0  SQUARED MULTIPLE R :  • 3 2 5  
ANALYSIS  O F  VARIANCE 
SOURCE SUM-OF-SQUARES OF MEAN-SQUARE F-RATIO p 
AGE 0 . 0 0 5 6 5 5  l 0 . 0 0 5 6 5 5  6 . 57 3 2 0 0  0 . 0 1 2 67 4  
SEX 0 . 00804 9 l 0 . 0 0 8 0 4 9  9 . 3 552 3 6  0 . 0 0 3 2 2 8  
OTIME 0 . 0 0 1 5 9 7  l 0 . 0 0 1 5 9 7  l .  8 5 6 2 9 9  0 . 1 7 7 7 5 5  
ERROR 0 . 0559 2 4  6 5  0 . 0 0 0 8 6 0  
OEP VAR : BMD N :  69 MULTIPLE R :  . 57 0  SQUARED MULTIPLE R :  . 3 25  
ANALYSIS  OF VARIANCE 
SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO p 
AGE 0 . 005655  l 0 . 0 0 5 6 5 5  6 . 57 3 2 0 0  0 . 0 1 2 6 7 4  
DTIME 0 . 0 1 97 3 2  l 0 . 0197 3 2  22 . 9 3 4 6 3 7  0 . 000010  
SEX* 
DTIME 0 . 00804 9 l 0 . 008 0 4 9  9 . 3 552 3 6  0 . 003 2 2 8  
ERROR 0 . 0 5 5 9 2 4  6 5  0 . 0008 6 0  
102 









BMD N :  
SUM-OF-SQUARES 
0 . 0 0 3 5 6 2  
0 . 0 0 1 5 5 6  
0 . 0 4 0 3 7 3  
BMD . N :  
SUM-OF-SQUARES 
0 . 0004 3 8  
0 . 04 3 9 3 4  
3 8  MULTI PLE R :  . 3 0 0  SQUARED MULTI PLE R :  . 09 0  
ANALYSIS O F  VARIANCE 
OF MEAN-SQUARE 
1 0 . 003562  
1 0 . 001556  
3 5  0 .  001154  
F-RATIO 
3 . 08 7 5 8 0  
1 .  3 4 8 8 3 3  
p 
0 . 0 8 7 6 3 8  
0 . 2 5 3 3 4 2  
3 8  MULTIPLE R :  . 099  SQUARED MULTIPLE R :  . 0 1 0  
ANALYSIS O F  VARIANCE 
OF MEAN-SQUARE 
l 0 . 0004 38  
3 6  0 . 0 0 1 2 2 0  
1 03 
F-RATIO 
0 . 3 58 8 8 0  
p 
0 . 5 5 2 8 8 1  
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